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INTRODUCTION. 

By Edward S. Holden. 



B88, the Lick Observatory was transferred by the Lick Trustees 
to the Regents of the University of California, and the scientific history of the 
establishment begins with that date. In a future volume of these Publications it 
is intended to print a description of the objectives and mounting of the great 
equatorial, and the investigations which have been made of the various constants 
of the lenses.* 

For the present, it will be sufficient to say that besides the visual objective of 
36 inches aperture and 694 inches focus, the Observatory possesses a photographic 
corrector, or third lens (a meniscus of crown glass), of 33 inches aperture, made 
by Mr. Alvan G. Clark. When this lens is placed in front of the visual objective, 
it forms a photographic combination having a focal length for stars of about 570.2 
English inches. /~a^ ij^. i"= 0.00276 inches; i'=o.i658 inches; i°=9.948 
inches. 

The radii of curvature of the visual objective (as measured by Mr. GEORGE 
B. Clark) are ; 

R' ^ + 259.52 inches, R^ ^ — 239.59 inches, 

R- = + 259.52 inches, R^ = — 40000. inches. 

The corresponding radii of the third lens, or photographic corrector (as meas- 
ured by Dr. Henry Crew), are: 

R*^+ 255.15 inches, R*' = — 302.12 inches. 

The crown glass of the visual objective was made by M. Feil, and is num- 
bered 1734; the flint glass is Feil, No. 1588; the crown glass of the third lens is 
Feil, No. 1937. From the elaborate investigation of the constants of the prisms 

* Reference may be made, in passing, to various notes in the Publications of the Astronomical 
Society of the Pacific, vol. I, p. 123; vol. II, p. 25; vol. II, p. 160; vol. 11, p. 258; vol. Ill, p. 141; 
vol. Ill, p. 244; vol. IV, facing p. 51; vol. IV, p. 183; vol. V, p. 179; voL V, p. 219, and espe- 
cially to an investigation of the optical constants of the glass by Professor C. S. HASTINGS, printed 
in Part II of this vohime. See also a paper by Mr. H. D. Taylor in Mon. Not. R. A. S., vol. 54, 
p. 67. 

Vol. ni-i 
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of these three glasses, made by Professor C. S. Hastings, of Yale University, in 
the years 1887 and 1889, which is printed in Part II of this volume, I extract the 
following tables and formulae. 

The changes in n (index of refraction), due to temperature (T) centigrade for 
these prisms, may be calculated from the formulae : 



(1734) 

(1588) 
(1937) 



AT 



— 1.88 + 0.286 -^^ 

+ 2.53 + 1.05 -^,-, 
Same as for 1734. 



Tabi,e of the Values of n at Barometer = 30 Inches, and Temperature of 20* C. 




Crown No. 1734. 



Flint No. I588.« 



Crown No. 1937. 



A . 
B . 
C . 
D« . 
0.5614 

E . 
F . 
G . 
0.3956 



508721 
510606 

51 1565 
514164 

515474 

517440 
520316 

525677 
530485 



1-3 
2.2 

1-5 
I.I 

0.6 

2.7 

2.2 

2.2 

0.5 



1.618812 
1.622258 
1 .624043 
1.628994 
1.631578 

1.635476 
1. 64 1 340 

1.652674 
1.663358 



0.8 
1.8 
0.8 
1.8 

2.3 
1.8 

1.8 

i.o 

0.7 



1-508353 
1. 5 10284 

1.511268 

1. 5 1 3934 
1.515280 

1.517276 

1.520233 

1.525740 
1.530700 



*The Flint lens of the 30-inch equatorial at Nice is made from this glass also. 

The probable errors of n for 1937 are of the same order as those in the two 
other columns. They have not been separately determined. 

The figure of the visual objective is practically perfect, and it is in perfect 
adjustment. The adjustment of the photographic corrector is best when its cell 
is screwed flat against the cell of the visual objective, as has been proved by 
experiments by Professor Campbell and myself. The figure of the photographic 
corrector is not perfect, though it is very good. 

The photographic corrector was figured partly at Cambridge, and partly at 
Mount Hamilton in the winter of 1887-8. This winter was very severe, and the 
temperature of the room in which the lens was corrected often could not be main- 
tained above the freezing point of water. Much of the work was done when all 
the water used in polishing was full of ice particles, except that part immediately 
under the hands of the operator. During this period the water engines for 
moving the dome and floor were not in working order, and the opening of the 
dome could not be moved to different parts of the sky, nor could different stars at 
widely different altitudes be employed as tests. Thus the circumstances were most 
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unfavorable. Test photographs of stars out of focus show that the diluted disc 
of a bright star is not entirely round, and that the light is not spread uniformly 
over it, as it should be. The center of the objective is too short in focus, and a 
prominent ring remains near the outer border. Professor E. C Pickering was 
kind enough to have similar tests made for us with the ii-inch telescope made by 
the Clarks for Dr. Henry Draper. These plates show an absolutely round 
image, and are entirely free from rings, and the light is uniformly distributed 
throughout the disc. The Draper objective is a test of the work of the Clarks 
under ordinary conditions. The defects remaining in our own photographic cor- 
rector are almost entirely due to the extremely unfavorable circumstances under 
which the work at Mount Hamilton was done. 

The very sharpest definition on the Moon is given by using an aperture of 
about 8 inches. This aperture has been chiefly employed up to the present time 
in making pictures of the Moon, partly on account of the good definition, and 
partly because the exposure times with S inches aperture were long enough to be 
given with the shutter which was the only one available until recently. It is 
intended to increase the aperture employed and thus to gain the great advantages 
which result from very short exposures, which may more than counterbalance the 
slight errors due to the imperfection of the figure of the objective. A shutter 
suitable for short exposures could not be constructed until the summer of 1893, 
for lack of funds and of skilled workmen. 

The driving-clock runs almost perfectly with or without control. The gearing 
which connects the clock with the polar axis has, however, a periodic inequality 
with a period of 3 /«.* (discovered by Professor Schaeberle), which we have not 
yet been able to remove. 

The sensitive plate is held, at the principal focus, in a compound slide-rest, of 
which a cut is inserted. The various enlarging lenses are likewise held here, by 
screwing them into wooden slides, which take the place of the ordinary plate- 
holder.f 8x10 plates are usually employed in the focus, though arrangements are 
made for using plates as large as 11x14 inches. 

The frame A A is fixed in the tube at right angles to the optical axis. The 
frame D and everything above is movable in declination by the handle Decl.; the 
frame E and the eye-piece G are movable in right-ascension by the handle R.A. 
The guiding eye-piece G receives a beam from the object-glass, and the image of 
a star can be kept on its cross-wires by suitably moving the handles. The wires 

* The difficulty of removing this inequality is due to the fact that the train contains several 
wheels whose period is 3 m. If there were but one, the matter could be adjusted very quickly. The 
practical lesson is that such trains should be designed so that uo two wheels have the same period, 
so far as this is practicable. 

t F F of the engraving. 
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COKPOCND Slide-Rest fok Carryikc the Negative Flats op Tbe 36-iNcii Equatdriai.. 

CTfae cnt is printed by tlie courtesy of the Council of the Royal Astronomical Society.) 

The mechanical parts were made by Warner & SwasEy ; the optical by J. A, Brakhkar. 

are lighted by a small incandescent lamp. The plate-holder F F shown in the cut 
is 8x10; the image of the Moon is about 5 inches in diameter. I and II are 
curtains on spring rollers, for quick exposures. The two handles and the end of 
G project several inches outside of the telescope-tube. The whole apparatus can 
be rotated in position-angle through 25° on the ring B B. 

A port-hole, 12 inches by 23 inches, giving access to the photographic focus, 
was cut in the tube shortly after the telescope was received at the Lick Observa- 
tory, in 1887, in a place selected by the Lick Trustees. The selection was unfortu- 
nate. This hole is directly on top of the tube when the telescope is west of the 
pier and when it is pointed to an hour-angle 1% hours east of the meridiau and to 
a declination of yf south. It should have been cut exactly opposite to that recti- 
linear element of the tube which runs through the foot of the declination axis of 
the telescope. The diameter of the telescope-tube at the port-hole is about 3j4 
feet. A little consideration will show how extremely and unnecessarily difficult 
certain photographic work is made by this arrangement. 

In front of the sensitive plate are two shutters. The first of these, known as 
the "velvet shutter," is a square door on hinges, which covers the circular opening 
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(14 inches iu diameter) in a diaphragm of the tube, which is 12 inches nearer the 
objective than the focal plane. It is moved by a handle on the outside of the tube. 
This shutter is convenient, though not essential. When it is closed, the slide of 
the plate-holder can be drawn and various manipulations can be made in safety. 
The second shutter is made of aluminium and consists of two rectangles of this 
metal, which close directly over the center line of the sensitive plate. These 
rectangles move in a plane parallel to the focal plane and 3 inches nearer to the 
objective. They open with the slightest pull and uncover the whole of an 8x10 
plate. They are moved by cords, which extend to the outside of the tube of the 
telescope. The frame which holds the aluminium shutter can be rotated in posi- 
tion-angle and clamped Jn any position. This second shutter was not available 
until the summer of 1S93. The curtain (I, II, of the preceding wood-cut) has been 
removed. 

There are two enlarging lenses. One is an ordinary photographic camera 
lens (made by Mr. Alv.a.n G. Clark), whose aperture is 2 inches and whose focus 
is about 14 inches. It is used iu photographing the Sun; and wheu placed as we 
employ it, it magnifies about S diameters. This is found to be a direct enlarge- 
ment too great for pictures (oi Jupiter, for example) taken under our ordinary 
atmospheric conditions. The second enlarging lens was made by Mr. J. A. 
Brashear, from computations by Professor C. S. Hastings, of Yale University. 
It was purchased from a grant made to the Lick Observatory by the Trustees of 
the Elizabeth Thompson Science Fund of the A. A. A. S., to whom our grateful 
thanks are due. Its aperture is 2.1 inches, its focal length about 18.5 inches. Its 
constants are: 

r' = + 20.82 ins. ) a- . 1 r" = + 4-891 >"s. > 

> Jena tlmt glass, > Jena crown glass. 

^ = — 4.8911ns. ) r^ = + 12.59 ins. ) 

It magnifies approximately 5 diameters; and experience has shown us that 
this is about the amplification {oi Jupiter, for example) which is best suited to our 
ordinary atmospheric conditions, though there are several nights in every year 
where an amplification of 10 diameters might be used to advantage. 

These amplifying lenses, when in use, are placed farther from the objective 
than the focal-plane. The image is received on an 8x10 sensitive plate, which is 
held in a compound slide-rest of wood (movable in two directions, as R.A. and 
N.P.D.; and also movable in position-angle). The sensitive plate is placed very 
near to the principal focal-plane of the visual objective (loj^ feet farther from 
the object-glass than the principal focus of the photographic combination), and it 
is movable to and from the objective by the regular focusing-screw, through a 
distance of about 6 inches. It will be obvious that the large size of the telescope, 
and other reasons, make the mechanical arrangements for photography somewhat 
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inconvenient. The present devices are as simple as they can be made, however, 
and they work well. In contriving them I have had the very practical advice 
and assistance of Professor SchaebeRLE. The focal-plane of the photographic 
telescope is, of course, different for light of different wave-lengths, and allowances 
(based on experiment) are made for the difference. 

Part of the cost of the early experiments in photography with the 36-inch 
telescope, including the trial of different kinds of plates, has been met by several 
small appropriations of money by the Smithsonian Institution of Washington, 
through the kindness of the Director, Dr. S. P. Langlev, to whom our sincere 
thanks are offered. The timeliness of these grants of money was especially 
important, as it permitted our work to go on continuously without the serious 
interruptions which otherwise would have ensued. 

Professor S. W. Burnham was placed in charge of the photographic work 
with the great telescope in July, 1888. During the month of August, 188S, he 
made a number of negatives of the Moon in focus, some of which were of great 
excellence and beauty.* No more Moon negatives were made during 1888 and 
1889. In 1890 I took charge of the photographic observations with the 36-inch 
equatorial. Messrs. Schaeberle and Campbell assisted in the observations in 
the dome, and the negatives were developed by Messrs. Burnham, Barnard and 
Campbell, in the intervals of other work. It was not until the latter part of the 
year 1892 that the services of a regular assistant in photography were available 
at all; and it was not until March, 1893, less than a year ago, that Mr. Colton 
could give his entire time to such work. Under the circumstances, I determined 
to devote the photographic telescope to the making of a series of negatives of the 
Moon, which should be so complete as to cover the whole history of a lunation, 
and should include photographs made at various critical stages of libration. Such 
a series is immediately valuable in giving a true plastic representation of the 
lunar surface; it becomes available for comparison with past photographs, such a^ 
those of Messrs. Rutherfurd, De la Rue, Ellery, Draper, Pritchard, Henry, 
Pickering; and with series to be obtained in the future. If the question of 
changes in the lunar surface is ever to be settled, it must be through comparisons 
of such photographs. Even the best drawings (unless they are based on photo- 
graphs) are too uncertain and conventional for a purpose like this. Nothing is 
more certain than that changes must occur in the lunar topography. Gravity is 
constantly acting to tear down existing structures on the Moon as on the Earth. 

Nothing is less satisfactory than the evidence for such changes based on 
drawings and maps alone, leaving out of account two or three instances. Lunar 

•For a list of these negatives, see the Publications of the Aslrommicat Society of the Pacific, 
voL III (1891), page 63. 
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photographs, then, are of the first importance iu their bearing upon questions of 
physical change in the Moon. Certain other problems can be studied upon nega- 
tives (or upon transparencies made from them) with great advantage; such as 
the nature of the bright radiating streaks, etc.; the courses of rill-systems; the 
profiles of individual craters or mountain ranges; the heights of lunar peaks and 
the depths of lunar depressions, etc. ; the latitudes and longitudes of lunar land- 
marks; the constants of lunar librations, etc., and generally everything relating to 
the topography and geology of our satellite. The first results obtained here in 
lunar photography showed that admirable negatives could be made with the large 
telescope. My earliest examinations and comparisons of the negatives convinced 
me that they contained a wealth of detail quite unknown in previous work of the 
kind, and that they were admirably suited to provide the data for a new study of 
the Moon's topography. The very limited force at the Lick Observatory made it 
entirely impossible to undertake such studies here. I therefore entered into cor- 
respondence with Professor Weinek, Director of the Observatory of Prague, and, 
during 1889, placed our negatives freely at his disposition. Professor Weinek'S 
previous experience in lunar observations and in photography, as well as his very 
unusual artistic skill, made his advice and assistance of extreme value, and the 
Lick Observatory was so fortunate as to secure his hearty cooperation from the 
very first. We owe it to him that the results which can be obtained from our 
Moon negatives have been quickly made known. 

From the begiuuing of the year 1890, we have worked together toward one 
object — namely, to make the original negatives as good as possible, and to obtain 
from them the surest results. In doing this much had to be learned, and the 
present volume is a record of our experiments, and of some of our conclusions. 

After the original negatives were secured, it was necessary to make many 

experiments to determine the best manner of obtaining enlargements from them. 

The plate of Afare Crisium (4-fold enlarged) exhibits the first success of Professor 

Weinek in this direction. 34^ hours of actual drawing are represented by this 

plate. The plates ol Archimedes z.'nA. Arsachel {\o-io\A. enlarged) correspond to a 

marked advance. Petavius (20-fold enlarged), ou which i2oJ^ hours of actual 

I drawing were expended, represents another distinct step forward. Finally, 

I Copemictis (20-fold enlarged) seems to be as perfect a result as can be obtained by 

making drawings from the Lick Observatory negatives in their present state. 

pThis drawing represents the great labor of 224^ hours, and is a mouuraent of 

l^kill and patience, not to speak of its high scientific value. 

While such experiments in making enlarged drawings from the negatives 
I were going on, attempts were also made to enlarge the Moon's image directly in 
tthe telescope. These experiments were not particularly successful, for reasons 
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which will be given later on. It was then attempted to enlarge the negatives 
made in the focal-plane by a subsequent exposure in the camera. The best result 
reached in this way up to June, 1892, is the plate of Afare Crimtm in this volume 
(2-fold enlarged) made by Professor Burnham. In July, 1892, I secured the (tem- 
porary) services of a professional photographer, Mr. W. O. Amsden, to make copies 
and enlargements of our negatives for exhibition at the World's Fair in Chicago.* 

A very few experiments showed that it was perfectly practicable to enlarge all 
the Mount Hamilton negatives of the Moon to a scale of III feet to the Moon's 
diameter with advantage. The first results of Mr. Amsden were as good as any 
which we have obtained at the Lick Observatory. The excellent plate of the 
lunar Apennims (7-fold enlarged) by Mr. CoLTON, given in this volume, represents 
our Ill-foot enlargements very well. 

It had long been my hope to make maps of the Moon from our negatives on 
two scales, namely: ist. Ill feet to the Moon's diameter, the scale of MaedlEr'S 
and Lohrmann's maps; and 2d. VI feet to the diameter, the scale of Schmidt's 
map. Whatever scale is chosen, it is necessary to make a complete map on this 
scale. Supplementary charts of special regions on a larger (or smaller) scale, 
and under special conditions of illumination, may well be added. But the whole 
Moon should be presented on one scale, and it is very desirable that each region 
should be shown under (at least) two different illuminations — under morning and 
evening Sun, or under high and low Sun, for example. As the photographic diffi- 
culties (not to speak of the expenses) increase rapidly with increased magnifying, 
it is advisable not to enlarge more than just enough to exhibit satisfactorily the 
features which it is desired to show. For very many purposes, an enlargement to 
the scale of Maedler'S map is sufficient. The successful experiments of 1892, 
corresponding to the plate of the Apennines in this volume, made it certain that 
an enlargement to this scale was entirely practicable. The plate of Langrenus^ 
Vendelinus, Pelavius, etc. (from the negative of August 31, 1890), and the plate of 
the lunar Apennines, are copied from enlargements in the camera by Mr. CoLTON, 
of the Lick Observatory, to a scale of III feet to the diameter, and represent 
what sections of the proposed map would be like. 

In the meantime our negatives had fallen into the hands of Baron Albert 
VON Rothschild, of Vienna, whose experiments upon them resulted in producing 
magnificent carbon enlargements of quite extensive areas, some of them to a scale 
of 80 inches to the Moon's diameter. Mr. Victor NielsEN, of Copenhagen, has 
produced some excellent enlargements of limited regions on a scale of more than 

*I desire to acknowledge the grant of a sum of money to the Lick Observatory from the 
World's Fair Commissioners of Santa Clara Couuty, California, in aid of this exhibit, and to point 
out that without it our success in making satisfactorj- enlargements on a large scale would have 
been still further postponed. 
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60 inches to the diameter; and Professor Weinek and Dr. Spitaler have also 
made admirable enlargements of limited areas on scales of 120 inches (24-fold), 
which represent the finest details of the original negatives with perfect accuracy 
and with precise definition. In special cases, enlargements of 360 inches (71-fold) 
to the diameter have been made. The last plate in Professor Weinek's memoir 
(plate XIV, of Tycho) corresponds to a 24-fold enlargement, and is on a scale of 
120 inches to the Moon's diameter. It has been selected from a number of other 
24-foId enlargements (all equally good), in order to present a specimen of the 
latest results attained. It is said that other astronomical photographers have 
made successful enlargements from our negatives on very large scales, but I have 
seen no specimens of their work. Excellent enlargements have also been made 
by Messrs. Henry and W. H. Pickering from the Moon negatives of the Paris 
and Harvard College Observatories, respectively; many of them on large scales. 

It is therefore quite clear that a map of the Moon on the scale of VI or even 
of X feet to the diameter is entirely practicable; and that, for special purposes, 
enlargements corresponding to a greater diameter may be advautageous, It may 
fairly be said that the picture of Tycho (plate XIV of this volume) is as good as can 
be obtained from the original negative in the focus by purely photographic pro- 
cesses. It has been reproduced by the autotype process, on stone, by Angerer & 
GoESCHL, of Vienna. 

Extensive experiments have been made in the matter of reproducivg the 
enlarged drawings or negatives in large editions. Trials have been made of 
lithography and of various photographic processes.* It has been found that the 
autotype process just named (plate XIV) and the photographic reproductions on 
copper through a carbon transfer (heliogravure; see the various plates in this 
volume) are on the whole most satisfactory, if we except direct silver printing 
from the negatives. It should always be borne in mind that the originals are 
very much superior to even the best reproductions, both in definition and in 
the representation of faint contrasts of light and shade. 

Through the introduction of Professor Weinek, and by the great kindness of 
General-Major RiTTER von Arbter, the k. u. k. Militar-geographisches Institut 
of Vienna undertook to make heliogravures from Professor Weinek's drawings 
and from the photographic enlargements of the Lick Observatory negatives. 
The results are most successful, as their plates in this volume will show. One of 
the heliogravure plates (No. IV, August 31, 1890) made by the Photogravure Co. 
of New York is an absolutely untouched copy of an enlargement made here, 
and must also be considered as a distinct success. All the other heliogravures 

•See PublicatioHs of the Astronomical Society of the Pacific, vol. Ill (1891), page 333; IV, 
\\a,et seq.; V, I, 139. 
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were reproduced by the Geographical Bureau of the Austro-Hungariau War 
Department. None of them have been re-touched except by darkening the back- 
ground. 

Mr. Walter W. Law, of New York City, a friend of the Observatory, gen- 
erously provided a fund to cover the considerable expense of making the plates 
of the Moon. All such plates in this volume are the gift of Mr. Law. The 
grateful thanks of the Observatory are offered to him for this very opportune 
aid, without which the preseut volume could not have appeared at this time. 

The Negative Plates and their Dei'ehpment. 

Until the latter part of 1892 Seed plates (No. 26x) were exclusively employed, 
and various developers were used. Since that time we have ordinarily employed 
a very rapid plate (about twice as fast as the first named) sold to us by the 
Cramer Company. The emulsion from which this latter plate was made was 
accidentally obtained by the makers, and has been of great service to us. 

Mr. CoLTON has developed the negatives by the following formula: 

Pyro Developer. 

Water 64 ounces. 

Sodium sulphite 5 ounces. 

Sodium carbonate 4 ounces. 

Dissolve, aud add J^ ounce salicylic acid dissolved in 2^ ounces alcohol. 
For use, add 10 grains of pyro to each 2 ounces of above solution. For landscape 
work a weaker solution than the above is preferable. Over-exposure can be 
restrained with a few drops of potassium-bromide solution. For convenience in 
the Lick Observatory work instead of dry pyro, a solution has been used, made 

as follows : 

Pyro I ounce. 

Sodium sulphite 80 grains. 

Dissolve in water to make 11 ounces of solution, and add 20 drops of sulphuric 
acid. Each dram contains approximately 5 grains of pyro. Use one dram to each 
ounce of the alkali solution. This developer was the result of a series of experi- 
ments made under the direction of Professor W. H. Pickering, in 1888, by Mr. 
Black, assistant in the Harvard College Observatory. It was found well adapted 
to the development of faint objects, aud was used on the chart and spectrum plates 
of the Henry Draper Memorial. 

Positive copies and enlargements are usually made on Eastman transparency 
plates, or on plates Carbutt A or B. They are developed as follows: 
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Hydrockinon Developer. 

No. I. 

Water lao ouuces. 

Sodium sulphite lo ounces. 

Hydrocliinon 2 ounces. 

Potassium bromide lo grains. 

Thoroughly dissolve (heat may be used, with stirring, but without boiling). 
Filter. 

No. 2. 

Water 32 ounces. 

Potassium hydrate ij^ ounces. 

Use one part of No. 2 to eight parts of No. i ij. «., a dram to an ounce). 
When fresh developer is applied to the plate, it should be diluted with about half 
its bulk of water. Use repeatedly, strengthening with freshly-mixed developer as 
needed. 

There are a few elementary principles which must be constantly kept in mind 
in the making and interpretation of astronomical photographs, and although they 
are simple, it does not seem to be useless to speak of them separately and in some 
detail in this place. In the first place, it is always desirable to have at least two 
negatives of the same object, if possible. Every sensitive film contains some flaws 
and defects, and, to be sure that a certain feature in the picture really represents 
a feature in the object, it is always desirable, and sometimes essential, to have 
duplicate negatives at command. It is not always possible to obtain two such 
negatives; as, for example, in the case of the photograph of a comet. Such a 
negative must usually be takeu with a long exposure in order to bring out the 
very features which we seek to represent, and it is ordinarily impossible to make 
more than one exposure upon a comet per night. A negative taken on a subse- 
quent night may not show the same features in the comet. It does uot follow that 
these features did not veritably exist because they are not verified by a second 
negative. But whenever it is possible — as in negatives of star-groups, nebulae, 
planets, the Moon, the Sun — negatives should be made in duplicate, and preferably 
one directly after the other, with slightly diflferent exposures. At the Lick 
Observatory all negatives of the Sun, Moon, and planets are so made, whenever it 
is practicable. If two or more such independent negatives have been secured, and 
if we find the same feature plainly marked in all the negatives, it is safe to say 
that this feature really exists in the celestial object which has been photographed. 
It is not an error common to all the negatives. If such an object (as, for example, 
a rill on the Moon) is found on two or more independent negatives, it exists. It 
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does not need to be verified by visual observation, and suet visual verification 
adds no weight whatever to the original discovery on one negative and to the veri- 
fication of that discovery on others. The observation is complete when the object 
is clearly visible on two or more independent plates. As a matter of fact, we 
accept much less satisfying evidence than this when we admit the existence of cer- 
tain features in a sun-spot or of a comet for example, of which we possess but a 
single plate. In the case of delicate rills on the Moon, which have been clearly 
exhibited on several photographic plates, a visual observation to verify them is 
often a pure waste of time. Their visibility depends very greatly upon the par- 
ticular phase of the Moon at the instant the plates are exposed. In a few hours 
the phase changes, and they cannot be again seen until the illumination is again 
suitable. Hence, visual verification should be made, if at all, on the same night 
as the photographic discovery, if economy of time is an object. When Professor 
Weikek's first discoveries of new craters, new rills, etc., were made on the Lick 
Observatory negatives which form the collection of the Observatory of Prague, I 
verified them on other independent negatives belonging to the collection retained at 
Mount Hamilton. Some of the earlier discoveries I likewise verified visually with 
the telescopes of the Observatory. When the phase was right the verification was 
easy. In some cases it was extremely difficult, because the illumination had mate- 
rially altered since the photographic record was made. I very soon discovered 
that the amount of time required for such visual verifications was entirely out of 
proportion to the results, especially as absolutely no additional certainty was thus 
attained. A feature discovered on one negative and verified on others, or even on 
another, exists; and no additional certainty can be attained by new photographs, or 
by a visual verification, although new details may be detected. 

It is of interest to know the dimensions of the smallest objects (as craters, 
rills, etc.) which can be registered on the photographic plate. The sensitive plate 
is composed of grains of silver of about 0,0002 inches in diameter, which are 
separated from each other by areas relatively empty of silver. These areas are 
of the same order of size as the grains. 0.0002 inches on the focal negatives 
corresponds to about o".07 of arc, or to about 0.08 of an English mile on the 
Moon itself. A crater on the Moon which is less than about o.i of a mile in diame- 
ter will therefore form an image on the plate whose absolute dimensions are 
approximately the same as those of the grains, or elements of structure, of the 
plate itself, and hence, in general, such an image will be confused with this grain, 
and cannot, generally, be made out. In several papers* Professor Weinek has 
given instances of very small craters and narrow rills on the Moon independently 

* Sit2un£sberickte, Imperial Academy of Sciences of Vienna, July 6, 1893, and January i r, 1894; 
Publications of the Astronomical Society of the Pacific, vol. V, 1893, page 158, etc. 
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discovered on the Lick Observatory negatives and suf&ciently verified. The 
diameters of some of these craters are 0.3, 0.15, of an English mile. Other cases 
of the sort, as yet unpublished, could be cited. These measures show that under 
suitable circumstances of illumination, etc., the Lick Observatory negatives will 
depict craters and rills whose absolute dimensions are comparable with the size of 
the grains of the sensitive plate. It is clear, therefore, that the negatives are 
nearly as good as they can be made on the sensitive plates now in use. It is to be 
observed that it is necessary to have every condition of steady atmosphere, correct 
exposure-time, proper development, suitable illumination, etc., in order to register 
such minute features, or in order to depict small differences of tint on the floors of 
crater-rings, etc. When these conditions are rights the negatives will show such 
features on the Moon. 

Any particular negative will only show the features which the exposure, 
illumination, etc., are fitted to depict. To give all the minute objects in a 
particular area on the Moon several, or many, individual negatives must be 
made; just as to complete a drawing of this area by visual observations several, 
or many, observing nights must be spent in the work. Each negative corresponds, 
not to the completed map, but to a single one of the nights devoted to such a 
purpose. The completed drawing of a large crater-ring on Schmidt's map, for 
example, represents the observations of many single nights.* 

A half dozen negatives of such a crater, taken under suitable circumstances, 
will record all, or nearly all, of the objects to be found on the map, each cue true 
in every detail. The negatives will also show many features not given by the 
map. 

In order to obtain all the information which snch a set of negatives contains, 
it is necessary to enlarge them either by photography or by drawing, and to make 
positive copies of them on glass. 

If we take the Moon of six days old, for example, as the object to be photo- 
graphed, we see at once that it consists of different areas varying greatly in 
brilliancy from the dark terminator to the bright limb. With an aperture of 8 
inches to the 36-inch telescope, and rapid plates, an exposure-time of two seconds 
is quite sufficient for the brighter regions; while four or more seconds is not too 
much for parts of the termiuator. Adjacent parts, however, are intensely bright, 
and two seconds is more than sufficient for some of them. The best average 
pictorial effect for the whole Moon — the best photographic picture — is obtained by 
an exposure-time of about three seconds. While the original pictures are being 
exposed in the telescope, it is well, in each case, to make a series of negatives, 

*ScHMiDT enumerates special observations of Copernicus on 31 nights in the years 1843-1873, 
for example, and no doabt he observed this crater on many other unrecorded o 
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varying the exposures from two to four seconds. The motion of the Moon in 
four seconds is, generally, not enough to seriously affect the definition of the original. 
Some parts of the Moon will be best shown on certain negatives, while other parts 
are best seen on others of different exposure-times. When such a series of nega- 
tives is made, the development of each plate should be so chosen as to give the 
best relief to the particular regious for which the exposure of this particular plate 
is appropriate. The development should not be made for the purpose of giving 
the best general, or average, effect over the entire surface of the Moon. The non- 
scientific photographer seeks such an average pictorial effect for landscapes, etc. 
For most astronomical purposes, it is better to sacrifice this general effect to the 
particular excellence of special regions. It is obvious that no one exposure-time 
can be exactly suited to bring out all the features of a surface lighted as is that of 
the Moon. A series of plates with different exposures and with different develop- 
ments is required. 

When such a series of plates is obtained, each negative gives a certain set of 
features, or certain areas, better than any other negative, as has been said. To 
obtain all the information from the negatives which they are capable of giving, 
they should now be copied by contact, or otherwise, producing a series of positives 
on glass. The artificial light used for copying (in our case, the illuminated porce- 
lain shade of a Rochester lamp of i6-candle power) is placed at a distance of 3 feet; 
the contacts are usually made on Eastman transparency plates. Suppose the best 
general pictorial effect in the positives is obtained when the exposure to the lamp- 
light is about one minute, (This exposure must be found by trial for each nega- 
tive to be copied, and for -each box of plates; it varies, in our practice, from say 
thirty seconds to two minutes.) Other positives should now be made from the 
negatives (keeping the lamp at the same distance), with exposures of say half a 
minute, two minutes, three, four, etc. Each one of these positives should be 
developed so as to bring out the particular features for which its exposure is appro- 
priate, and not so as to produce the best average pictorial effect over the whole 
Moon. The original contrasts of the mother-negative, which is thus copied, can be 
very greatly changed by this process. The definition of the plates is not changed. 
Each feature is in its right place and in its right form. But certain features, 
which are scarcely visible in the original, can be made almost as prominent as we 
please by suitably timing the copies. For instance, a negative of the full Moon, 
exposed so as to make the best picture, shows small crater-rings like those near 
Nicolat., for example, in a very inconspicuous manner. If a contact positive is 
made from this negative, choosing the exposure so as to produce good pictorial 
effect merely, these small rings are still difficult to distinguish clearly. But it is 
perfectly practicable to copy the original negative, and to alter its original contrasts 
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(only) in such a way as to make these and other similar crater-rings almost the 
most definite featnres of the surface. Such a copy as the one last named is, 
obviously, the plate upon which these particular craters should be studied and 
measured. Other plates are suited to exhibit other features, as rills, the bright 
streaks from Copernicus, those from Tycho^ etc.* 

If we seek to obtain the maximum amount of information from the original 
negatives, some process like this must be followed. The plate of Mare Crisium 
(2-fold enlarged) in this volume is an accidental example of this process. In 
copying the original plate sent from the Lick Observatory for making the helio- 
gravure, all the contrasts have been made far harsher than they are in the original. 
The cometic tails to the twin craters Messier are only shown for a fraction of their 
real extent, while the craters themselves have been accented unduly. Such a 
plate is eminently suitable for making measures of the position of such craters, 
but it is not adapted to showing feeble contrasts of light and shade. These are, 
in great measure, lost, not because they are not in the original, but because the 
photographic manipulations, etc., which have been employed have sacrificed the 
contrasts in order to gain a different effect. 

If any one is not convinced of the advantages of this process by reading what 
goes before, he should actually make for himself the series of positives which I 
have described. A great advantage in using positives is due to the fact that all 
the features are presented in their natural contrasts — bright regions on the Moon 
are bright in the plate. Certaiu features are often very hard to make out in the 
negatives until they have first been located on suitably-exposed positives. On 
the other hand, negatives are especially suited to disclose certain other features — 
rills, for example. If glass positives are carefully made by contact, very little is 
lost in definition by the copying, though copies in the camera are usually somewhat 
better. 

Everything which has just been said of positive copies by contact applies 
(the necessary changes being made) to enlarged copies made in the camera. A 
negative or positive of the Moon, which is only five inches in diameter, is too 
small to exhibit most features to advantage. It is, in fact, a pretty picture, and 
it is very little more. The simple negative contains every datum that can be 
derived from the particular exposure which it represents; but it does not always 
present the data in the most convenient and legible form. If the original negative 
is enlarged in a satisfactory manner, details which are too small to be readily seen 
will become obvious. The degree of enlargement will depend upon the particular 
feature which it is desired to see well. In general, the greater amplifications are 
more suitable to bring out definite features of small angular dimensions, and the 
♦See Publications of the Astronomical Society of the Pacific, vol. Ill, page 250. 




i6 



PUBLICATIONS OF THE LICK OBSERVATORY. 



lesser amplifications are more suitable for exhibiting broad and di£Fused areas. 
For example, enlargements of our Moon negatives from lo to 25 diameters show 
small craters, narrow rills, etc., in a very satisfactory way, when such features 
cannot be seen at all by examining the origfinal with an ordinary hand-magnifier. 
On the other hand, the different shadings on JupHer are seldom so well seen with 
an enlargement of 20 diameters as they are with one of 10. In each case the 
proper enlargement to exhibit a particular feature in the very best manner must 
be found by trial, and this can always be done by a faithful aud skilled photogra- 
pher. There is a distinct limit set to the degree of enlargement which is advan- 
tageous by the size of the grain of the sensitive-iilms employed in making the 
original negative, and in those upon which the enlarged copies are made. It 
would be easy to give these limits from measures which we have made upon the 
grain of the films which we employ. It is, however, not necessary to do more 
than to state the practical results of many experiments. So far no material 
advantage has been gained by enlarging our original pictures of the Moon more 
than 25 diameters. lu making this statement I add, in order to avoid misunder- 
standing, that material advantage is gained in most cases, by enlarging up to 
this limit. 

The next steps forward in lunar photography seem to depend upon two things ; 

ist. In obtaining plates even more sensitive than those which we have 
employed in order to shorten the exposure-times of the original negatives. 

2d. In reducing the size of the grain of the sensitive films used in the 
telescope, and also in the enlarging camera, without diminishing the sensitiveness 
of the former plates. It thus appears that future improvements depend more 
upon the manufacturer of plates than upon the astronomer who uses them, or 
upon the artist who makes the photographic lenses, provided refracting telescopes 
are employed. I have had comparatively little experience with reflectors; but 
it is certain that a reflector of good figure possesses important advantages in 
many photographic problems, and I have hopes that the equipment of the Lick 
Observatory may be strengthened, at some future time, by the addition of such 
an instrument. 

In making direct enlargements in the telescope one of two processes must be 
followed. Either the whole telescope must be moved, both in R.A. and N.P.D., to 
follow the Moon during a period of two or three minutes ; or the photographic plate 
itself must be so moved, the telescope being driven to sidereal motion aud a mark 
on the Moon itself being kept on the wires of a guiding eye-piece.* Nothing 
material is gained by altering the rate of the driving-clock in right ascension. 
Experiment has shown that the first process is not a practical one with a telescope 

* The eye-piece G of the precedmg wood-cut cannot be used for this purpose. 
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so long and so heavy as our own. I doubt if it can be successfully employed with 
telescopes having more than 15 inches aperture, unless, indeed, the instrument be 
mounted like the new photographic refractor of Meudon, with a separate guiding 
telescope (visual) secured in the same tube that holds the photographic objective; 
and, even in this case, the slow motions must be extremely well made to insure the 
necessary delicacy. The second method has been tried here and abandoned, at 
least for the present, for the reason that its success depended upon finding a brilliant 
guiding-mark on the Moon near the region to be photographed. Only such regions 
could be photographed as had good guiding-marks conveniently situated. Hence 
it was usually impossible to photograph a particular region at a desired time. If 
one is willing to select good guiding-marks and to photograph such regions as 
chance to be adjacent to them, I think that some degree of success may still be 
had in this way, in spite of various mechanical and other difficulties, and of the 
comparatively long exposures required (two, three, or even four minutes of time 
for objects near the terminator and for enlargements of 5 to 8 diameters). It is, 
however, true that we have never yet obtained enlargements by this method which 
were so good as equal enlargements in the camera from negatives taken in the 
principal focus. With a telescope like our own the secret of success seems to be 
to photograph the Moon in the focus on the quickest possible plates, with the 
shortest possible exposures, especially if rapid plates can be manufactured which 
have a fine grain, which seems to be probable. Excellent direct 5-fold enlarge- 
ments aiJttpUer have been made, but in this case we have short exposures (three 
seconds) and no appreciable proper-motion of the object to deal with. The effect 
of wind on a long-focus telescope is considerable. The photographic focal-length 
of the 36-inch equatorial is 47J4 feet. If a direct enlargement of 8 diameters is 
employed the effect of wind tremors on the negative is the same as if we were 
photographing in the principal focus of a telescope nearly 400 feet in length. If 
the telescope is used to make direct enlargements (as above described) the guiding 
of the plate so as to avoid the effect of tremors, etc., becomes a matter of extreme 
delicacy. 

If we compare any one of the plates in this volume with the Moon itself; and 
if we then compare one of the best maps (as Schmidt's or Maedler's) in the same 
manner, we shall find the plates to have an immense superiority in very many 
respects. The landscape in the plates is a life-like copy of the lunar surface, 
while the best map is very unsatisfactory in its relief. It is often quite difficult 
to interpret the finer details of Schmidt's drawing, in spite of its general 
excellence. Moreover, even the best topographical drawings made at the tele- 
scope will be found to contain material errors, as they must be constructed piece 
by piece, and as the joining of the separate pieces can never be wholly satisfactory. 
Compare, for example, Schmidt's elaborate topography of Copernicus or Tytko with 
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tlie plates of these craters in this volume. It will be seen that the plates are 
entirely comprehensible at the first glance; while it requires considerable study 
to interpret the conventional topography of the map. When it is a question to 
decide whether or no changes have taken place in a certain lunar region, by com- 
paring such a map with the image iu the telescope, the decision is frequently a 
matter of no small difficulty on account of the unavoidable ambiguities and 
imperfections in the map itself. Owing to the fact that the map contains all 
the objects which have been seen by the observer during many years, while each 
photograph only exhibits the features which the illumination, etc., of one par- 
ticular moment was fitted to show, an unreflecting comparison of map with, 
photograph may lead to au entirely erroneous estimate of the relative excellence 
of the two representations. A trained eye can see with a telescope and a high 
magnifying power a certain class of objects (as for example, extremely small, well- 
defined crater-pits) better than they can be photographed with the same telescope 
on our present sensitive plates. The visibility of this class of objects depends 
chiefly on precise definition of minute contours.* 

On the other hand, there is a multitude of objects which can be photographed 
with the great telescope, with its aperture reduced to 8 inches, which are 
extremely difficult to see with the full aperture of 36 inches. It is absolutely 
certain that these objects veritably exist on the Moon, for they are found on all 
the negatives made during a certain night, and on other negatives made on other 
occasions. The visibility of objects of this second class (as rills, streaks, terrace- 
formations, and the like) depends on contrast, and not so much upon definition. 
The visual contrast of two adjacent lunar areas, a and (5, is often too small to 
allow the eye to discriminate them while it is exposed to the glare of strong 
moonlight. If we reduce the general glare by using colored shade glasses, we 
usually make both areas a and b invisible. On the other hand, the photographic 
plate often exaggerates the contrast (as is well seen in the case of small features 
situated iu the dark seas), and the two areas are readily seen on the developed 
negative. Moreover, the primitive photographic contrast can be again increased 
by subsequent copying, as has been previously said. There are many objects on 
the Moon, yet uncatalogned, which belong to the first class mentioned (small, 
definite contours, whose visibility depends chiefly on definition); but, if we may 
judge by our experience with the Mouut Hamilton negatives, there are indefi- 
nitely more objects of the second class (those whose visibility depends chiefly on 
contrast); and the photographs are very greatly superior to eye drawings for 
registering such features. 

The chief advantage of the map is, that it is a convenient method of repre- 
senting, on a single sheet, all the features which the observer has detected and 
a this volume, Professor Weinek's discussiou of his drawing of CopernicKS. 
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recorded during the whole course of his observing. Each one of the minute 
craters, or small rills, which he has seen during a long period of years with differ- 
ent telescopes and under all conditions of illumination, can be marked down in 
place; whereas, each photograph depicts the surface as it is seen at one particular 
instant, and phase of illumination, only. It requires a series of photographs, there- 
fore, to show the minute detail which can be exhibited on a single sheet of the 
map. Leaving this single advantage of maps to one side, it seems that, in other 
respects, the photographs are superior. Each one of them exhibits all that it 
shows at all, in its true value and relief. The definition of the photographs is 
entirely satisfactory up to a certain point. Beyond that point we must have 
recourse to a map constructed from visual observations, with comparatively high 
magnifying powers. If such a map is required, it should be made by a skilled 
draughtsman aud artist, usin£- the photographs as a basis. The Prague observations 
since 1884 have contained beautiful drawings (reproduced by heliogravure in an 
excellent manner) made by Professor Wkinek himself by means of the 6-inch 
refractor of that observatory. These drawings represent the very best work 
which can be done with an instrument of this size in the delineation of lunar 
craters. The present volume contains drawings or enlarged photographs of some 
of the same craters. In order to appreciate the great advances which have been 
made in the study of lunar topography, the reader should compare Professor 
Weinek's drawing of Copernicus in this volume with his drawing of the same 
crater in the Prague Observations for 1S84 (No. 14); or Professor Weinek's photo- 
graphic enlargement of Tycho (in this volume), with his drawing made with the 
6-inch equatorial (No. 11 in the Prague Observations for 1884, No. i in the Prague 
Observations for 1S85-7). The early drawings in the Prague Observations are the 
best that can be obtained with a 6-inch equatorial, but they can scarcely be com- 
pared with the results given in the present volume. Yet they have been made by 
the same observer, with the same care aud the same eminent skill. The differ- 
ence is entirely due to the advantages afforded by the Lick Observatory negatives. 
The reader who wishes to fairly appreciate the immense progress which has been 
attained should actually make the comparison which is here suggested. It is 
entirely due to a change of the method of observation, since the actual work in 
both cases was done by Professor Weinek himself. 

The foregoing introduction gives some account of the nature of the work done 
up to this time at the Lick Observatory in photography of the Moon, The follow- 
ing pages by Professor Weinek describe the investigations at Prague, aud some of 
the results obtained. The original descriptions were written by Professor Weinek 
in German. They have been translated by Mr. Otto von Geldern, Mr. F. R. 
ZiEL, and by myself; and the translations have been revised by Professor 
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Weinek (except the chapter on Vendelinus). The engravings illustrate the text 
and reproduce the original negatives as well as possible, thanks to the gift of Mr. 
Law. The proofs of the discoveries of new features on the Moon are to be found 
in the originals, however, not in the plates herewith. Copies of our original 
negatives have been sent to many observatories and academies of science; the 
most complete collections being at Prague, with the Royal Astronomical Society of 
London, and with the Smithsonian Institution; and whatever is here described 
can be verified on these copies by any one who will take the necessary pains. A 
cursory examination will not suffice. 

It will be seen that Part I of the present volume is a record of experimental 
work in many directions, If any one will consider the state of the problems with 
which this book is chiefly concerned beibre our work was begun, and will com- 
pare it candidly with the preliminary results here exhibited, I submit that the 
conclusion must be that the joint work of Professor Weinek and of the Lick 
Observatory has already led to results of consequence, and especially, that the 
way has been found in which future advances must be made. 

Part II of this volume is a report on certain prisms of optical glass, belonging 
to the Lick Observatory, which was prepared for the Lick Trustees in the years 
1887 and 1889 by Professor C. S. Hastings. This admirably exact investigation 
of the glass of which the great objective is made would have been printed long 
since if it had been practicable to do so. 

Part III is an investigation of the division errors of one of the divided scales 
of the measuring-engine of the Lick Observatory, by Mr. O. H. Tittman, Assistant 
in the U. S. Coast and Geodetic Survey. The Lick Observatory measuring-engine 
has been succinctly described in Vol. I of the Publications (page 76). Before any 
accurate measures could be made with it, it was necessary to know the division 
errors of one (at least) of its glass scales. Professor T. C. Mendenhall, Chief of 
the U. S. Coast and Geodetic Survey, was kind enough to undertake this work in 
our behalf, and Mr. TitTMAN, of the Survej', accordingly investigated the scale and 
determined a table of corrections to each division. Mr. Tittman's report to Pro- 
fessor Mendenhall is printed in Part III. I beg to express the sincere obligations 
of the Lick Observatory for this material assistance, and for the permission to 
print the report here. 

Part IV is a report On spectroscopic observations of nebulEe, made with the 
36-inch equatorial of the Lick Observatory, which Professor Keeler has prepared. 
It has not been practicable to issue this important memoir before now. 




The Lick Observatory^ February, 1S94. 



Edward S. Holden. 



-DEN.^^^^M 



PREFACE.' 



By Professor L. Weinbk. 



It is due to the friendly suggestion and to the subsequent ready cooperation 
of the Director of the Lick Observatory, that I was originally induced to under- 
take the following studies of the lunar surface as exhibited in the splendid focal 
negatives of the 36-inch refractor of the Lick Observatory, and that I have been 
enabled to prosecute such studies with ever-increasing success during the past 
three and a half years. 

In November, 1S89, Professor Holden proposed to send the best Moon nega- 
tives of the Lick Observatory to Prague, in case I was disposed to make use of 
them for detailed studies of the Moon's surface — to use them either as a basis for 
the continuation of my drawings of special lunar regions which I had begun in 
1884 with the 6-inch telescope of the Prague Observatory, or for independent 
investigations founded on the photographs alone. I accepted this proposition 
with pleasure — a pleasure all the more lively, because it thus became possible for 
me to have the advantage, indirectly at least, of observations with the greatest 
telescope in the world. If the studies here presented are fitted to contribute to 
the advancement of our knowledge of the Moon, as I believe that they are, the 
credit is due, in the first instance, to the Director of the Lick Observatory. It is 
my agreeable duty to express in this place my sincere thanks for the cordial aid 
and assistance which my Moon studies have constantly received at his hands. 

My very first glance at one of the Mount Hamilton dia-posilives (that is to 
say, a positive copy on glass, made by contact from one of the focal negatives of 
the year 1888), at the beginning of the year i8go, made it clear that the study of 
such transparencies would be far more fruitful than any study of positive prints 
on paper; that a careful examination of such plates would everywhere disclose 
rich and manifold details of the lunar topography; and that, in consideration of 
the wonderful relief of the photographic lunar landscapes, it was obvious that an 
enlarged representation of the photographic plates — a bird's-eye view — as exact as 
possible, would be of the highest value to our comprehension of the structure of 
"Translated by Edward S. Holden. 
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the surface of the Moon. At the same time I became convinced that such photo- 
graphic plates, upon which the lunar diameter was about 13 an., were of sufficient 
sharpness and of adequate size to constitute an important advance over the earlier 
(and excellent) results of Rutherfurd, Warren de la Rue, and Draper. 

I therefore resolved to undertake cw/ar^f'rt' representations of the Mount Hamil- 
ton negatives, and at once began experiments to decide upon the most appropriate 
methods of work. The methods of direct photographic enlargement were at that 
time so unsatisfactory, and the results which had been so far obtained were so 
much behind the original negatives in many respects (and notably in respect of 
sharp definition), that I was not ready, at that time, to adopt them, in spite of the 
facility with which direct enlargements, such as they were, could be produced. I 
decided, therefore, to begin my work by making enlarged pencil drawings (to 
be subsequently retouched and finished with India ink), from the original plates 
examined by transmitted light under a magnifier. 

When the artist possesses the necessary training, such enlarged drawings 
can be made with a very high degree of completeness, and with almost absolute 
fidelity if the necessary pains are taken; and at every stage in the progress of 
the work it is possible to control the drawing, and to correct it if necessary. Two 
different methods of making enlarged drawings were open to me. In the first 
method a faint photographic enlargement could be made, on suitable paper, and to 
the required scale, and this enlargement could be brought up to the full intensity 
of the original by retouching. In order to preserve the high lights of the picture, 
it is necessary to make the first photographic copies extremely faint. But in 
this way, only the principal features of the image are photographically depicted, 
and the process of retouching becomes almost as laborious as the making of a 
completely new drawing. Such was the result of my experiments in this direction. 
In the second method the whole image is drawn on plain paper without any photo- 
graphic assistance. This method requires great faciUty in the manipulation of 
brush and pencil, as well as extreme patience and long practice in the difficult, 
almost infinitely fatiguing, work which is demanded if the aim of the artist is to 
present a mathematically exact enlargement of the original, which shall be true in 
all its parts. 

For cither method it was necessary to have an apparatus for the convenient 
examination of the transparencies under high magnifying powers. For the lack 
of such an apparatus, the excellence of the Mount Hamilton negatives has fre- 
quently been underestimated by persons who have only examined them with a 
magnifier held in the hand. The necessity for such an apparatus is obvious, even 
in casual examinations. If one is to make drawings from the same object for 
months and months together, as I have been obliged to do, it is absolutely indis- 
pensable to have the original plate held in the most convenient manner, with the 
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eye-piece in a fixed relation to tlie plate, and to be able to alter the illumination at 
will until the appropriate brilliancy is secured and maintained. In this way only 
is it possible for the artist to obtain a complete and thorough comprehension of the 
picture itself, and to be certain to lose nothing of the finer detail of its structure. 
My first apparatus was constructed so as to hold but a single plate (8xio inches), 
but a second apparatus permitted me to fix iiuo plates side by side. To facilitate 
the comparison of the two plates, the frame holding them is so constructed that 




any two lines on the two plates can be made parallel, and that any two points can 
be brought to the same height, etc. A full description of this device is given in 
the Prager Astronomischen Beobachtungen^ i888-gi, page 50, with a wood-cut, which 
is here reproduced. It is only necessary to add, here, that while making enlarged 
drawings a plane-parallel glass reticle (divided into squares of i mm. or y^ mm. on 
the sides) is firmly held against the plate, with the ruled surface next to the film. 
The paper upon which the drawing is made is also ruled into suitably enlarged 
squares, corresponding to the squares of the reticle. During the whole course of 
the drawing — weeks or months — the glass reticle remains unchanged in position. 
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After the coutours have been drawn in, and after the first light shading with the 
pencil is completed, the glass reticle, with its somewhat confusing net-work of 
lines, is removed, and the drawing is completed iu India ink, step by step, area 
by area, with the greatest care, 

Thtfirsi method was employed only in the 4-fold enlargement oi Afare Crisium, 
since it was found that the excellence of the result was greater when the photo- 
graphic outlines were almost or entirely absent, and when the whole dependence 
was placed upon the skill of the artist. This experiment fully showed that the 
second method of making enlarged drawings was superior, in spite of the exceed- 
ingly great labor involved. 

The second method was accordingly employed (using the glass reticle) in 
making the following series of drawings: Archimedes, lo-fold enlarged, in two 
drawings of opposite illuminations; Arzachel, lofold enlarged, also in duplicate; 
as well as the following-named regions, each 20-fold enlarged — Peiavius, Vetidelinus, 
Laitgrenus, Flammarion, Eratosihenes, the region west of the Riphaeus mountains 
(also in duplicate); and Copernuus. Finally, Capella has been drawn 40-fold 
enlarged from two, and Taruntius, C, from three different plates. Besides these, 
very many drawings of other regions have been made, sometimes on small scales, 
sometimes simply sketched 10, 20, and 40-fold enlarged, whenever interesting 
photographic discoveries have been made. The enlarged net-work was allowed 
to remain on the completed drawings of the western regions of the Riphaeus 
mountains and of Capella and Tarn»linSy C, in order to facilitate comparisons 
and identifications of the different objects on different photographic plates. The 
drawings just mentioned, and particularly that of Capella^ have fully demonstrated 
that these Moon-photographs are capable of exhibiting the finest rills and the 
most minute craters, even when their dimensions are not above 0.5 kilometers 
(0.3 of an English mile). My appreciation of the multitude and of the significance 
of the details on the Mount Hamilton plates has been of gradual growth ; and this 
fact will explain why it is that my drawings are continuously more detailed and 
more complete, as they are later in the series. The most complete drawing — 
Copernicus — is thus the latest, and it was not finished till I had spent 224^ hours 
of actual work upon it. 

The fact should now be emphasized that all my drawings have been made 
with the extremest possible care and precision, and that they show everything that 
is to be found in the dia-positive plate from which they are copied. I have omitted 
only such features as are obviously scratches, or the very smallest defects in the 
film. On the other hand, since I had a free choice of the regions to be depicted, I 
have' chosen only such as a previous very careful examination had shown to be very 
free from the defects referred to. The notes accompanying each drawing give an 
account of the comparisons which have been made between independent negatives 
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showing the region in question. As the drawings in Prague were made from dia- 
posiiives, and not from the original negatives, one source of possible error still 
remains. If the dia-positives are entirely perfect copies, no error can arise from 
their use, naturally. On the other hand, small differences — as a lack of precision 
and definition in a few of the smaller objects — may arise if the positive is not a 
perfect copy of the original. The general excellence of the photographic work of 
the Lick Observatory has led me to assume that the copies in my hands were 
practically perfect, but I have nevertheless considered it to be necessary that my 
enlarged drawings made from positives should be compared with the originals 
remaining at Mount Hamilton, whenever possible, especially in the earlier stages 
of my work. These comparisons have been made by Professor Holden, and I 
may be allowed to quote here a few sentences from his letter of March S, 1893, 
regarding my drawing of Petavius: "1 did not remember that you had asked me 
specifically to compare your drawing of Petavius (from a positive) with the original 
negative, from which the positive was made (August 31, 1S90, 14" 27'"), and to let 
you know the result. I, however, made the comparison long ago, and the result 
was in this case (as in every other one) that your drawing faithfully represents 
the original. You will remember, however, that these fine rills look very differ- 
ently in a negative and in 2l positive. I found one or two of the finer rills hard to 
make out in the original negative. I therefore had another positive made here, 
and every essential feature of your drawing was verified, rills and aU. There 
were some very difficult objects (I forget which ones now) that I was not quite 
sure of; but I came to the conclusion that if I spent more time on them, I should 
probably see them as you had drawn them. In this examination of your draw- 
ings, as in every other one which I have made, I was struck with the admirable 
and artistic way in which you have represented the various features (some of 
them elusive and difficult), and with the minute thoroughness of your examina- 
tion. You had seen everything, and had represented it artistically, so that it was 
easy to verify. I have told you this before. I regret that I overlooked your 
request for specific information about PetaviusP 

The table on page 26 gives a list of the more important drawings made by me, 
together with some data relating to each one. 

The present volume contains heliogravure reproductions of the most important 
drawings of those just named — of Mare Crisium^ Archimedes^ Arzachel, Petavius, 
VendeliniiS, Langrcnus, and Copernicus. At the first glance it is obvious that the 
drawing of Copernicus was by far the most difficult. Flammarion and Capella and 
Taruntius, C, have been reproduced jn the journals VAstronomie and Sirius; and 
the latter journal has also printed both drawings of the region west of the Riphaeus 
mountains. Plate XV of this book is a phototype of Capella and Taruntius, C. 
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Such drawings as are not reproduced in the present volume of the Publications of 
the Lick Observatory will be subsequently printed in the Prague Observations, 
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1890, June 12 
1890, Oct. 16 
1890, Oct. 16 
1890, Nov. 23 

1890, Nov. j6 

1891, June 23 

1890, Nov. 24 

1 891, Dec. 7 

1892, Jan. 18 

1892, Mar. 12 

1893, Feb. 19 
1893, May 3 



ioj4 1893, May 5 
224^ ! 1893, Jan. 4 



During the course of the work which has just been described experiments 
have been made by various persons, to see if the extremely slow, fatiguing, and 
arduous method of enlarging the original negatives by drawings might not be 
advantageously replaced by a direct photographic enlargement in the camera. 
Such experiments were extensively carried out at the Lick Observatory, usually 
by Mr. CoLTON, and copies of the resulting plates were sent to me by Professor 
HoLDEN as they were obtained. The present volume gives some examples of 
these experiments in the plates of Mare Crisium (2-fold enlarged by Professor 
Burnham); of Petai'ius, Vendelinus, Langremis, and also of the lunar Apennines 
(7-fold enlarged by Mr. Colton). The latter two plates correspond to a diameter 
of the Moon of about one meter (more exactly, 97.45 cm., or 38.36 English inches), 
which is the scale of the lunar maps of Lohrmann and Maedler. 

The best results of the Mount Hamilton experiments corresponded, on the 
whole, to an enlargement of about 7 diameters. I have compared such enlarged 
dia-positives under a magnifying power of 6 diameters with an un-enlarged contact 
positive (from the same negative) viewed with an eye-piece amplifying 42 diam- 
eters; the comparison showed that 7-foId enlargements were much inferior in the 
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representation of the finer detail, for the reason that the enlarged grain of the 
plate had taken on a diffused character. This arises in fact from diffused groups 
of grains, which give a flaky and ill-defined appearance to the image; and this 
image hecomes more and more confused the higher the amplification. The repre- 
sentation of the very finest details of the photographically enlarged image — such 
as were first brought out in my drawings, for example — are by no means com- 
parable with the results from the drawings. The same criticism with respect to 
the finer details applies to direct photographic enlargements made by others, 
although the plastic effect of many of these enlargements is very fine. 

Matters were in this state when in April, 1893, I determined (during the 
tedious progress of my 20-fold enlarged drawing of Copernicus) to experiment in 
producing direct photographic enlargements, and to endeavor to obtain a grain of 
the enlarged photographic plate which should be as fine as the same grain seen 
visually under corresponding amplification. It may be noted that my photo- 
graphic experience began in 1873, when I was in charge of the German station 
in Schwerin for conducting experiments in astronomical and photographic methods 
to be employed in observing the transit of Venus of 1874. At that time I inves- 
tigated the differeut photographic processes, including daguerreotype methods, 
with special reference to deformations of the film,* and on December g, 1874, I 
snccessfully photographed the transit of Venus at Kergnelen Island. Dr. R, 
Spitaler, now Adjunct in the Observatory of Prague, formerly assistant in the 
Observatory of Vienna, had also acquired valuable photographic skill in his 
experience with the 27-inch equatorial of the latter observatory. 

On April 19, 1893, I began these experiments in enlarging, by a method 
which I reserve from publication at present, and which at once gave very excellent 
results. The grain of the enlarged plate corresponded in dimensions with the 
geometrical factor of enlargement, and was from 9 to 10 times finer than the grain 
of similar enlargements made by others. Moreover, my enlargements reproduced 
the finer detail of the originals with entire precision. The chief lack of the photo- 
graphic enlargements in comparison with exact enlarged drawings appeared to be 
that a single exposure-time did not reproduce all parts of the image with the same 
excellence, which is not to be wondered at; so that it was necessary to make 
several exposures of different lengths in order to obtain equal excellence in all 
parts of the image. As a proof of the precision of my method, I may instance 
the cases of fine rills and craters in the ring-plains Tkebit and Eratoslh^nes, which 
I discovered long since by photography, and which I subsequently studied and 
drew with great care. These rills and craters I photographed with regularly in- 
creasing magnifying powers, and determined what amplifications were most suitable 

Die Pkotograpkie in der messenden Astronomie, von Dr. L. Weinbk, Halle, 1879. 
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for representing; them in the clearest manner. Of particular interest in this con- 
nection are the following objects: A winding rill, which begins on the high interior 
north-wall of Eratosthenes and runs for about two geographical miles to the valley, 
as well as several very minute crater-like objects, whose diameter is less than 
0.5 kilometer. I enlarged Tkebit successively 12, 20, 39, 50, and 62 diameters, and 
Eratosthenes 21, 38, 53, and 71 diameters. Even the highest powers gave a rela- 
tively very fine grain, which corresponded exactly with the visual grain, similarly 
magnified, and showed the manifold detail with complete clearness. It is obvious 
that the grain of the original Mount Hamilton negatives (emulsion dry plates) is 
not to be done away with by any process, but must always remain in the final 
result. The finer the grain of the original negatives, the finer the grain of the 
enlarged copies. In the first series of experiments referred to it was only possible 
to cover a small field of view with the necessary sharpness. Later trials, made 
after improving the optical and mechanical arrangements of the apparatus, per- 
mitted me to enlarge the most extensive wall-plains of the Moon with corresponding 
sharpness in all their parts, and to secure extended photographic enlargements 
which leave little to be desired from the standpoint of the selenographer, so soon 
as one has learned to examine the picture without giving attention to the g^ain. 
An example of this work is presented in the present volume in the plate of Tycho^ 
in which the original has been enlarged 24 diameters, up to a scale of jj^ meters 
to the diameter of the Moon. In all enlargements of the kind, the focusing of 
the plates has been done and all the exposures have been made by myself in the 
enlarging-apparatus which I have contrived, while Dr. Spitaler has developed the 
plates in my presence, and has conducted all the subsequent photographic manipu- 
lations, taking the greatest pains at every step. 

With relation to the following chapters of text, which explain the several 
plates of this volume, it is to be remarked that they chiefly relate to a compari- 
son with the lunar chart of Schmidt. My object in these discussions has seldom 
been to bring forward such new views with regard to the Moon's topography as 
might be suggested by the plates, since for such a purpose an entirely new nomen- 
clature would need to be adopted, or else each plate would have to be covered with 
a net-work of squares, and the completed drawings subsequently compared anew 
with the charts and with the sky. My object has rather been to point out to the 
reader the most important and interesting features of the landscapes depicted in 
the plates, in order to bring into prominence the great excellence of the negatives 
of the Lick Observatory which serve as their ground work, and especially to 
illustrate the high degree of dependence which can be placed upon results derived 
from suitable lunar photographs. 

It must constantly be kept in mind that the heliogravures, in spile of the fact 




PUBLICATIONS OF THE LICK OBSERVATORY. 



29 



that they represent the best process of reproduction so far known, give but an 
inadequate idea of the beauty and clearness of the original negatives ; and, further- 
more, that in order to obtain the best results from these latter, it is by no means 
sufficient to hold them in the hand and to inspect them by means of an ordinary 
hand-magnifier. On the contrary, it will be found essential to fix the negatives in 
a steady frame, to provide means for the best illumination, and methods of varying 
this illumination at will, to use magnifying powers of 10, 20, 30, and 40 diameters, 
and last, and by no means least, to spend not minutes but hours in examining 
these autographic records. When these precautions are taken the results obtained 
will be found to justify the labor and time expended. My first trials in this direc- 
tion were made (in i88g) with a lens magnifying 4 diameters. The drawing of 
Mare Crisium in this volume was my first result. My next experiments are shown 
in the figures of Archimedes and Arsachel^ which are enlarged lo-fold. Petavius, 
Vendelivus, Langrenus, and Copernicus followed, each amplified 20-foId. Finally, in 
1893, I completed the drawing of Capella^ which is enlarged 40 diameters. The 
history of these experiments as illustrated by these plates shows that the negatives 
contain very many features which are not obvious on a first inspection, but which 
can be found, aud verified, by any one who will take sufficient pains. 



Prag, k. u. k. Siemwarte, March, 18 



L. Weinek. 



THE MOON TWO DAYS AFTER THE FIRST QUARTER.' 



(See the FrontfapieeeO 



This general view of the Moon, which was taken 2 days 4.6 hours after the 
first quarter, has been reproduced from one of the best Mount Hamilton negatives 
at Prague (i8gi, October 12, 7'' 30" 54'.5, P. S. T.). The heliogravure (made by 
the k. u. k. Militar-geograpbisches Institut in Wien) is of exactly the same size as 
the original; its diameter from north to south border is 137 mm. (5.39 inches). 
The terminator coincides with Agalharchides^ and in the northern half of the 
Moon it passes through the eastern part of Sinus Iridum. Unfortunately the 
heliogravure (which I shall call H, for brevity) is considerably less satisfactory 
than the negative, N, as is, indeed, generally the case. The frontispiece gives 
only a feeble idea of the rich detail everywhere presented by the original. On 
the other hand, the relative brilliancies of the different portions of the illuminated 
west-half of the Moon are excellently represented in the plate. 

The magnitude of the libration in latitude in this photograph is interesting. 
At a period of mean libration in latitude, the distance from Tycho to the southern 
limb is greater than the distance from Plato to the north limb. In the plate, the 
contrary relation obtains. Plato is far within the disc, Coperjiicits nearly on its 
middle line, and Clavius quite on the edge of the visible southern limb. This is 
to be explained by the circumstance that on October 12, at \^ 30"" 54".5, Greenwich 
mean time, the Moon was nearly at its maximum distance south of the ecliptic, 
and hence portions of the Moon's surface beyond the north pole were visible to 
observers on the earth. 

The terminator, as shown in H, is not quite the same line as is given by N. 
This arises from the fact that, in order to secure a very dark background exterior 
to the image of the Moon, in the heliogravure process, it was necessary to coat 
the further side of the glass-negative with a red pigmeut. In this process some 
variations in the true line separating the background and the image were neces- 
sarily introduced. Independent of this technical fault, the finer detail in H is not 
reproduced along the terminator. 

• Translated by Edward S. Holdbn. 



32 



PUBLICATIONS OF THE LICK OBSERVATORY. 



How brilliantly the Riphaeus mountains and Euclides are displayed in N, how 
full of" relief and detail the former appear, is only signalized on H in the larger 
characteristics. In the same way H fails to depict the string of pearl-like, small 
craters between Copernicus and Ilralosihenes^ the small crater d north of Archimedes^ 
the striped marking of the inside of the latter ring-plain, etc., while the negative, 
N, shows all these objects easily and well with the aid of only a simple hand- 
magnifying glass. 

The three dark spots in the interior of Alphonsus can be, with difficulty, 
made out on H, while these are bright and of special intensity on the negative. 
The bright spots in the image, H, deserve a particular study. The bright Proclus 
is to be seen, although it is by no means the most brilliant object, as the negative 
shows it to be; the brilliant craters Censorinus^ Dionysius, Menelaiis^ Afanilius^ 
ConoHy and Aralus (in the Apennines); the very bright spots on the northeast 
wall of H'erner, west of //c// (that is, north of Lexell; Q, according to NeiSon); 
east of Alnmnon (crater f, according to Neison, which is easily distinguished as 
such on N); southwest of Le Monnier, west of Alias, etc. — these and others are 
visible. The twin-craters, Messier, with their cometic tails extending eastward, 
the bright spot, Linn^, in the eastern portion of Mare Serettitatis, are also shown. 
On the other hand, several objects on the bright ground of the heliogravure are 
not to be seen, which are readily visible on N ; as, for example, the contours of the 
ring-plaius, Roefner, Alias, Hercules, and others. The bright spots of the helio- 
gravure are dark on the negative, and may readily be overlooked on the latter. 
It would be highly interesting to compare these spots photometrically among 
each other from the photograph, and to contrast the order of their intensity, so 
obtained, with the corresponding order obtained by visual observations with a 
telescope. 
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DRAWING OF MARE CRISIUM* 

(See the heliogravure plate facing tliia page.) 



The wonderfully fine plastic effect of the Lick Observatory Moon negative 
of August 23, 1888, especially in its western portions; and, in particular, the vivid 
impression made upon me by the highly interesting A/are Crisium and its sur- 
rounding regions, induced me to begin my studies of the admirable negatives 
made at Mount Hamilton with this object. I may remark that the beauty of this 
lunar landscape likewise inspired me to commence my telescopic studies of special 
portions of the Moon (which are printed in the Annals of the Observatory of Prague) 
with the same region on March 14, 1884. 

The portion of the northwestern limb of the Moon represented in the plate 
extends from the crater Secchi in the south to Berzelius in t'Ee north. It was 
obtained by enlarging the corresponding part of the original negative by means 
of the camera, 4-fold, upon the so-called ''^ salz-papier^'' which appeared to be 
suitable for a water-color drawing. The shading was made as light as possible. 
This enlarged positive copy on paper constituted the basis of my drawing, which 
required 34^ actual working hours, and which was especially difficult of execution 
on account of the fineness of the details. 

As the photographic paper copy was printed so faintly as only to give the 
merest impression of the contours, it would not have been possible to have repre- 
sented the brilliant lights of the original plate, on account of the unsatisfactory 
whiteness of the paper employed, if the shadows on the lunar surface had not been 
made extremely dark. For this purpose, very unctuous colors were necessary, 
which I finally succeeded in obtaining from Dusseldorf and from Leipzig. The 
heliographic reproduction of the original drawing must be considered as, iu 
general, highly satisfactory, although it can only incompletely represent the most 
delicate tones and transitions. This is particularly true of the western borders of 
Mare Crisium, which, in the original, extend farther toward the west, and in which 
several faint ridges are laid down, not shown in the plate. It is to be remarked 
that the top of the plate is south, the right hand side east. 

• Translated by Edward S. Hoxden. 
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If now we compare the whole of the mighty mountain region which surrounds 
the Afare Crisium on the south, east, and north, in its splendid relief on the photo- 
graphic plate — which shows all the component parts and their grouping, all the 
plateaux and valleys — with the corresponding delineations of Schmidt, Makdlek, 
and LoHRMANN, it will be found that each of these accomplished selenographers 
has succeeded in giving certain parts with remarkable fidelity; but that no one of 
them has given the whole with anything like completeness. 

Taking everything into consideration, the representation of Maedler is 
nearest the truth, and it is very remarkable how nearly his schematic drawings 
succeed in giving the true effect of this very complicated region. So far as iine- 
ness of detail is concerned Schmidt is considerably in advance of all his prede- 
cessors, yet his work is also susceptible of improvement in many respects. I shall 
therefore give a comparison with Schmidt's map, Sections XI and XII, which 
represent the western border of the Moon from Langrenus to Gemitms. The nomen- 
clature employed is (so far as letters or numbers are used) the same as Schmidt's, 
with occasional additions from Maedler or Neison. 

I commence the comparison with the interior of Alare Crisium. Schmidt 
has represented more longitudinal ridges (in the meridional direction) than are 
given in the photograph, hut these are not always correctly laid down.* The 
middle ridge, with the southern fork in the latitude of Picard (No. 20), is shown 
by the negative to have this fork more open, with its western branch bent still 
farther to the west, and with its southern termination less convex, than it is 
given by Schmidt. Again, the characteristics of the ridge to the south and south- 
west of the crater F are different in the photograph from those in Schmidt's map. 
In this place Schmidt does not show certain areas surrounded by ridges which 
have a nearly elliptical form, with the longest axis in the meridian. A faint 
dark line on the photograph is especially noteworthy. This begins at the Cape 
Azotit A (No. 2, a) and extends nearly parallel to the east coast as far as the crater 
Picard, e, then approaches this coast aud finally curves again east of crater B and 
takes a direction toward crater F. All selenographers have represented this line 
(Zug) as a low elevation, but the photograph gives the impression that it is a 
terrace-like slope of the east side of the interior declining toward the west. I had 
already noticed this appearance while I was completing my drawing of March 14, 
above referred to; and Dr. H. J. Klein' has made the same remark in Sirius 
{Heft 3, 1891). This conclusion is confirmed by an examination of one of the 
Mount Hamilton negatives of July 20, i8go (Moon's age, 4 days 3 hours), where 
the shadows are thrown toward the east, although the Sun was then somewhat too 
high (the terminator lay on the east wall of Guttemberg). In this the terracing 
• Moreover, all of Schmidt's ridges cannot be seen at any one age of the Moon, 
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east of crater F to crater A {Peirce^ according to Neison) is very easily made out, 
and the further course, at least in certain parts, can be readily followed. 

According to Maedler (not in the Afappa Seienograp/iica, but on his special 
chart of the eastern border of Mare Crisium in his work Der Mond'), and also accord- 
ing to Neison, craters A and B are connected with each other by a low ridge. 
This ridge is not given by Schmidt, and nothing of the sort is shown by the photo- 
graph. Crater Eimmari, s, (C in Neison) shows plainly in the photograph a short 
prolongation of the walls on its southern side, and also a sinking of the southwest 
wall, of which no trace is found in Schmidt. The two small craters, discovered b3' 
OlbErs in Bremen in 1793, which lie east of No. 21 {Promontorium Agarum) 
can be detected by their illuminated eastern borders. A Mount Hamilton negative 
of August 31, iSgo, in which the Sun is somewhat higher, proves clearly that they 
are craters. Regarding the other craters, Schmidt, in his Beschreibung der LoHR- 
MANN'iT^fitt Kartein 25 Seciionen, p. 24, speaks as follows: "The plain (floor oi Mare 
Crisiunt) is broken by only a few craters, of which Picard is the must prominent. 
A 6-inch refractor, however, will show in all about 30 craters, mostly of the smallest 
dimensions." These latter cannot be seen on the 4-foId enlargement, although 
some of them are visible when the original is examined with a high magnifying 
power. The bright transversal streaks in the eastern part of the Mare Crisium^ 
which converge toward No. 19 {Proclus), are well seen (on the original) south of 
A, and between A and B. The straits (pass) east of crater Picard^ e, show, on the 
photograph, only the small crater at the northern promontory, but this is very 
plainlj' marked. The bay which lies to the east does not appear on the photograph 
to be open to the north, as it is represented by Schmidt, but, on the contrary, it 
appears to be closed. 

Let us now consider the surroundings of Mare Crisium, and let us take these 
in order from south to north. The ring-plain No. 4 {Apollonius) shows two craters 
in its western wall. These are placed too far south by Schmidt. Northeast of 
Apolloniits lie two craters nearer together. The easternmost one (/) is drawn 
pretty correctly by Maedler, but the one to the west is represented as too small. 
On the photograph the two are of almost equal size. The great valley ij)) east of 
Apollonius^ with the southern encircling walled-plain, can be seen on the helio- 
gravure with especial clearness, relief, and beauty. In west longitude +50° 
and north latitude -i-5°-5 (Maedler), that is, west of the ring-plain No. 14 
{Taruntius\ ScHMiDT, MAEDLER, and Lohrmann depict a crater equally well 
marked, and of almost the same size as the two craters, nearer together, which lie 
southwest of it in longitude +53°, latitude -f3°.5. Maedler's longitudes are 
gjiven to every 5°; according to him the longitude of the middle of both small 
craters is 53°.4. The easternmost one of these latter bears the letter « in Schmidt 
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and in Maedler. On the original positive this crater is much less well marked 
(more indefinite), and is surrounded by bright ramparts, which hardly show on the 
heliogravure (west of the bright ridge, and in the line of the craters A and G). 
We must therefore conclude that this crater is, at present, of a different character 
from K, A, and G. On the Mount Hamilton negative of August 31, iSgo, as well 
as on the plate of July 20, 1890 (with the shadows thrown to the east), it is some- 
what better seen, yet it still stands in the same relation to «, A, and G. According 
to the photograph it seems to be of small depth, and to have walls which are but 
slightly above the plain of the Mare FcecHnditatis. The many craters of the draw- 
ing afford an interesting comparison in this respect. The very bright streak which 
runs northeast from Proclus is shown best by Maedler, whose representations of 
the relative brilliancies of the surroundings of Mare Crisium are in general more 
successful than any others. To the north of the very plainly marked crater in the 
east wall of the ring-plain No. 18 {Macrobhis) there appears to be, in the northeast 
wall, not only an out-curving formation, as given by Schmidt, but a crater-like 
high valley, since the surrounding inner wall and its shadows can be seen (in the 
photograph). According to Schmidt, a long, high valley stretches northeast from 
Macrobius, the western terrace-like declivity of which is very plainly marked on 
the photograph by a long line of shadow. The crater which lies in this precipice 
(cliff) is also easily visible. To the southwest of Macrobius, c, Schmidt has a large 
ring-plain, which, however, appears to be a high plateau somewhat depressed in 
the middle. This shows on its northeast border a crater formation which is 
represented by Schmidt simply as a curvature of the inner wall. Here there is a 
long crateriform ravine extending toward the south, which is also laid down by 
Schmidt. West of the ravine a large, deep crater is plainly to be seen. 

The declivity of the high mountain ranges on the north coast of the Mare 
Crisium toward the walled-plain Clcomedes (No. 15) is very clearly characterized 
on the heliogravure by a long bright band, and it appears to be extremely precipi- 
tous. In this place Schmidt has an interruption by a short cross-wall, which is 
not shown in the photograph on the cliff itself (though it can be seen in the plain 
to the north of it). In the south wall of Cleomedes the elongated crater (C, accord- 
ing to Neison) has, toward the northeast, a bright appendage, which is the west 
wall of an enclosed tongue-like mountain formation. Maedler and NeisON have 
it erroneously as a second easterly crater. In the north, the manner in which 
crater A is situated in the wall of the long crater east of it is clearly exhibited. 
Maedler and Neison erroneously give in this place three separated craters. 
LoHRMANN has represented this more correctly, and Schmidt's map is the best of 
all, as the Mount Hamilton photograph of August 31, 1890, proves. Northeasterly 
from A a long, deep, mountain valley extends in a direction from the crater-plain 
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No. i6 {Tra//es) to the walled-plain No. 14 {^BurckkardC). This is entirely wanting 
in the maps of Schmidt and Maedler. On the other hand, Schmidt shows a 
similar hill-formation in a direction parallel to the east wall of Cleomedes. The 
representation by Schmidt of the manner in which the mountain walls spring 
from the interior plain at the north end of Cleomedes is especially unsatisfactory. 
To the south of the southwest corner of Cleomedes lies a large crater. The photo- 
graph shows a sudden drop of the plateau of this crater to the west, which is 
connected with the east wall of the great pass into the Mare Crisium lying to the 
south. Schmidt incorrectly represents this region as entirely level. 

Northeast of Tfalles and connected with it Schmidt shows an extended douhle 
crater formation like a figure-of-eight (w/), which is wanting in Maedler and 
Neison. The photograph exhibits this admirably, but it also shows that the 
southern end is not, as Schmidt gives it, open, hut, on the contrary, closed by an 
elevation of the southern plateau, which here projects and presses in. On the 
southeast side of the walled-plain Burckhardt a long extended crater formation is 
joined to it, which is not given in Neison. The southern end of this, as given by 
Schmidt, is not correctly limited, according to the photograph. Nearly half way 
between Burckkardt and Geniinus^ d (No. 13, d') the photograph shows a group of 
three craters. Schmidt has in this place three similar objects, each of which is, 
however, open on one side. The character of the elevations, as given by Schmidt, 
is particularly unsatisfactory in this neighborhood, also. 

Between Gevtitms, rf, and No. 17 {Newcomli, as it is called by Neison) the photo- 
graph shows four plainly marked craters, which form a semi-circle, with its convex 
side toward the southwest. The most easterly one of these is not correctly 
placed by Schmidt. It should lie farther to the southeast, within the declivity of 
the mountain walls. Moreover, the relative dimensions of these four craters are 
not entirely correct in Schmidt. On the north wall of Gemmits, in the direction 
toward the west wall of Burckkardt^ the photograph shows a crater-like formation, 
which Schmidt does not give as such. Westerly from Burckkardt and Geminus 
the heliogravure exhibits a long, ravine-like formation extending toward the 
southwest, which recalls the great rill in Petavius. Schmidt has inserted this 
object, which was discovered by Lohrm.a.nn in 1824, in his Catalogue of Rills 
(1S66) as No. S, and describes it as a valley-like rill. Maedler also drew this rill. 
Southerly from No. 22 {Berzelius), d, and northeasterly from Geminus, the photo- 
graph shows a double-crater formation, which lies on the southern declivity of a 
hill-plateau connected with d. Schmidt and Maedler do not give this object, but 
represent in its place a long crater valley on the eastern edge of the plateau, 
which is not visible in the photograph. The ring-plain Berzelius appears, accord- 
ing to the photograph, by no means so much closed on the south as it is drawn by 
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Schmidt. The east wall is there joined with the southern outliers, and the 
passage from the interior to the exterior seems to be without any steep declivities. 
I have here given only a very few comparisons of the admirable Mount 
Hamilton Moon negative of August 23, 1888, with the published lunar charts, 
since the heliogravure speaks for itself. Such negatives ofifer an inexhaustible 
field for study, and they afford for all future time a true picture of nature, 
which must ever be of the highest value to the selenographer. 

L. Weinek. 
Prague^ 1891, December 4. 
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PHOTOGRAPHIC ENLARGEMENT OF MARE CRISIUM AND THE 
REGIONS TO THE SOUTH* 

(See the heliogravure plate facing this page.) 



This plate is a 2-fold photographic eulargement in the camera, by Professor 
S. W. BuRN'HAM, from the same excellent Mount Hamilton negative, taken 1890, 
August 31, which I have used for my 20-fold enlarged drawings of Pelavius^ I'ende- 
linus, and Langrenus. The heliogravure (which I shall call H) is very sharp (as is 
to be expected from the small amplificatiou), and is a successful reproduction of the 
plate from which it is copied. It was made by the k. u. k. Militar-geographisches 
Institut in Wien. Yet it is much inferior to the original negative (N), and to a 
glass contact-positive from it (P), which are in the collection at Prague, in respect 
of detail and of brilliancy. 

The landscape extends from Stevimis in the south to Messala in the north. 
Near the upper right hand corner of the plate, the wall-plaiu Fracastor is to be 
seen; oa the upper right hand border is Theophilus, and in the lower right hand 
corner Franklin and Cepheus are shown. Mare IVectaris, Mare Fa^cundiiaiis, and 
the western half of Mare Tranquillilatis are also exhibited. In the southwestern 
region of the last-named sea, Maskelyne is shown on H, though far less satisfactorily 
than on P and N. The great rill-valley which breaks through the south wall of 
Snellius and extends to the middle of this walled-plain, the fine Petavius rill and 
the swelling interior of this crater, and the conspicuous rill-valley southwest of 
Gemitms are clearly shown. The veins of mountain-summits and the bright 
streaks in Mare Nectaris (and especially those in Mare Fcecunditatis) are even better 
exhibited. But many of the latter formations, as well as corresponding features 
in Mare Crisutm, are entirely lost in H, while they are plainly visible in P and N; 
for example, the long elevated ridge, which begins west of Goclenhis in longitude 
-f 50°, then stretches in a north and south direction as far as the latitude of the 
south wall of Langreviis, next turns toward Langrenus, /, and finally extends once 
more in a meridional direction (having now the character of a terrace-like cliff 
bordering the Mare Fcecundiiatis on the west) as far as the southern mountain 
region of Alare Crisium. The whole ridge can be traced in P and far less well in 
H; while the last-described portion is entirely lost in H. 

• Translated by Edward S. Holden. 
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Other chapters of this book are devoted to a detailed discussion of my draw- 
ings of Mare Crisium, and the craters Petavhis^ Vendelinus, and Langreims : and it 
is not necessary to do more in this place than to refer to these chapters. In this 
connection, however, it should be remarked that my 4-foId enlarged drawing of 
Mare Crisium was made from the Mount Hamilton negative of 188S, August 23. 
The two negatives have very similar illumination, and appear to be of the same 
excellence in their detail and in their fine relief. 

Following, I refer to two very interesting objects in Mare Nectaris and in 
Mare F(Bcunditalis^ which I have not before described. The first object lies 
between Theophilits and the crater Rosse, nearer to the former, and consists of two 
dark spots, the southernmost of which is very clearly shown on H. In P and N 
it is easily to be seen that these dark areas surround two craters. The most 
southerly of the two is specially sharply defined, in spite of the fact that this 
region of the Moon is much over-exposed, lying, as it does, at a considerable 
distance from the terminator. These two craters are completely described in Dr. 
H. J. Klein's Fiihrer am Sternenhinimel (pp. 376—378), where a special chart of 
them and of their neighborhood is given. 

The second object, referred to above, is the crater Messier, with its companion 
crater, Messier, A, which lies to the eastward, together \vith the surroundings of 
these craters in Mare Fiecundilatis. In the work of Dr. Klein, which I have just 
cited, pages 386-389 are devoted to a complete description, and to a detailed draw- 
ing of this region. The lettering given in Dr. Klein's drawing I shall use here 
for the sake of clearness. 

It is well known that Maedler described the two craters of Messier as exactly 
alike. His words are {Der A fond, p. 365): "^^ Messier is a crater of 7° in brightness, 
two miles* in diameter, a closed ring-mountain, to the east of which lies another 
exactly like it in every respect. The diameter, the shape, the height and depth, the 
color of the interior (3*), as well as of the ring, indeed even the situation of 
several peaks on the ring — everything agrees so exactly, that we have here either 
a very remarkable sport of Chance, or the working of a law of Nature, as yet 
unknown to us. These twin craters become, moreover, still more remarkable on 
account of two streaks of light, which zx^exactly alike, straight as a string, sharply 
defined, 4)^° in brightness, which extend eastward from the easternmost crater and 
gradually become less defined till they are lost. A dark zone, of 3° in brightness, 
is left between the two streaks, whose direction agrees pretty well with a line 
drawn through the centers of the two craters. The tail of a comet cannot be drawn 
sharper and more true to nature than it is here depicted." Further on M.A.EDLER 
says, in order to show how much attention he has paid to this region: 

• I German mile = 4.6i Euglisli miles. 
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"We can draw no couclusiou as to the past history (of the Messier craters), 
but may give the assurance that we have observed them more than 300 times 
since 1S29, on every occasion when this region was visible, and that we have 
always seen them as above described; and this, in spite of the fact that in a 
contour so sharply limited, the least alteration of the size, form, or brilliancy 
must have made itself manifest in a marked manner; and SchroETER's observation 
had directed our particular attention to this region." 

A glance at the photographs, specially P and N, at once shows that the simi- 
larity of the two craters does not hold at the present time, whatever may have 
been the fact in the past. Messier appears as more extended (elliptical), with its 
longer axis in the direction of the so-called cometic tail, while A/essier, A, on the 
other hand, is round. In order to reach a conclusion as to the real shape of both 
the craters, it is naturally necessary to take account of the effect of the libration 
and also of the relative levels of the two craters. 

The heliogravure (H) shows a bright spot south of Messier, which is a defect 
in the plate. North and northeast of this spot are the craters called by Dr. 
Klein a (d, according to M.^edler and Schmidt) and/! Klein remarks that, to 
the south of Messier, A, "at least four very small pits (f) or light spots" are to be 
found. P and N show in this place one definite object, which can scarcely be 
interpreted as other than a crater. On P and N, furthermore, the craters a, b, d, 
e, f can be well seen (d is the least obvious). (/ is, in all probability, a crater of 
insignificant depth and little brilliancy-. 

If we arrange the craters in the order of the difficulty of seeing them on the 
photographs, beginning with the most obvious, we have: a^f, e (south of Messier, 
A), e (south of/), b, and d. On page 389 Dr. Klein gives a description of a rill 
which was discovered on September 25, 1877, by M. Gaudibert. It has its origin 
between the craters f and e, then follows a smooth curve, convex toward the 
northwest, to the plateau c, and from thence goes in a meridional direction to the 
cometic tail of Messier, A. The part of this rill last described was first seen by 
M. Gaudibert on September 20, 1883; the whole object was observed by Herr 
Krieger on February 28, 1891; while Dr. Klein himself has not seen this rill 
at all. P, and particularly N, show the rill as above described very clearly; and 
exhibit, moreover, another branch, which extends from the plateau c to the crater 
f: and also a continuation along the line e f, which has a rill-like appearance, and 
which can be traced as far as the heights south of Secchi {Taruntius, B). These 
remarks on the details of this 2-fold enlargement will suffice. Nothing need be 
said of its beauty, nor of the admirable plastic and sharp relief of the western 
limb of the Moon, which it shows. As mere pictures such enlargements are very 
interesting. For most scientific uses, however, they need further amplification. 
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PHOTOGRAPHIC ENLARGEMENT OF PETAVIUS, VENDELINUS, 
LANGRENUS, ETC.* 



(See the heliogravure plate facing this page.) 



This heliogravure (made by the New York Photogravure Company, from an 
eulargement in the camera by Mr. A. L. Colton) represents one of the 7-fold 
enlargements made at the Lick Observatory on the scale of Maedler's chart. 
Professor Holden has sent to me a copy of the dia-posiiive from which the helio- 
gravure was copied. This glass positive shows a fine relief, great brilliancy, and 
a relatively fine grain. Unfortunately some of these good qualities are not 
entirely preserved in the reproduction, though the plate (which is an untouched 
copy of the original) must_ be considered as, in general, very successful. The 
grain of the original plate has almost disappeared in the heliogravure; where the 
individual particles have, so to say, melted into each other to produce an almost 
structureless background. In consequence of this the image possesses a pleasing 
smooth character, but it has lost considerably in light-effect and in richness of 
detail. 

The plate represents chiefly the three great walled-plains, Pelazuus, Vendelitius, 
and Langrenus, with evening-illumination, from the same excellent negative (1890, 
August 31, 14'' 27™, P. S. T.) which I have used as a basis for my drawings of the 
same craters, 20-fold enlarged. My drawings of I'endclittus and Langrenus were so 
made that the corresponding plates given in this volume join on to each other 
precisely. My drawing of Petavius does not, however, accurately join that of 
Vendelinus. The heliogravure under consideration serves, then, as a supplement 
to my drawings of these three craters, and shows that only a very narrow strip 
between the two craters last named has been omitted. 

The larger ring-plains, which are shown on the plate, are, proceeding from the 
south toward the north: — /•umerius (iiot completely shown), Sfevt'ntis, Rekhenbaeh^ 
Snellius, Borda, IVroliesley, Sanlbech, Cook, Colombo^ Magelhaens^ Goclenius, and 
Guiteinberg (not well defined). The Mare Faxundiiaiis ejttends from the south, 
where the small ring-plain Biol is situated, as far as the twin-craters Messier 

a S. H01.DEN. 
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(which are, however, not shown on the plate). Those parts of the field which lie 
farther from the terminator are better shown in the plate of Mare Crisium^ 2-fold 
enlarged, as is natural. For a discussion of the areas of the lunar surface, which 
are exhibited in this plate, I refer to the text which accompanies the two plates of 
Mare Crisium (enlarged 2-fold in the camera, and 4-fold in my drawing), and to the 
sections descriptive of my drawings of the single craters Petavius^ Vendelinus^ and 
Langrentis^ 20-fold enlarged. 
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DRAWINGS OF ARCHIMEDES.' 



(See heliogravure plate facing this page, figures I and II.) 



In November, 1S89, Professor Edward S. Holden kindly made the proposal 
to send to Prague a series of the best negatives of the Moon, taken with the 36-inch 
refractor of the Lick Observatory, in order that they might serve as a basis for my 
drawings of lunar craters and lunar landscapes made at the telescope, as well as to 
furnish subjects for special studies of the Moon's surface. I was all the more eager 
to entertain such a proposition, because the Prague Observatory is possessed of 
only a 6-inch telescope on a very inconvenient mounting, and because an oppor- 
tuuity was offered to take part in the magnificent results of the — at present — largest 
instrument in the world. 

Up to this time I had made fifty-four lunar drawings at the telescope, and I 
was justified, by reason of considerable practice of eye and hand, in taking up this 
uew labor. 

Since the beginning of the year 1S90, Professor Holden has sent to Prague 
continuously a large number of plates for the different days of a luuatiou, and I 
am greatly indebted to him for creating an incentive to do this work, as well as for 
the valuable donation of these beliutiful plates to the Prague Observatory from the 
Lick Observatory. 

For the purpose in view I had built at Dresden a suitable apparatus before 
beginning the task. lu this the photographic plate is viewed by transmitted light 
by means of two eye-pieces of 41.15 and 25.20 millimeters (equivalent) focus. 
(Linear enlargement^ 7.8 and 12. i for my distinct vision of 28 centimeters?) The 
holder or stand of the eye-pieces possessed a double motion in two coordinate 
directions normal to each other; it admitted of a ready and rapid adjustment of 
the portion of the Moon viewed, and kept the chosen lens at a constant distance 
from the plate. The illumination of the latter may be obtained by daylight or by 
means of a lamp; in the case of the former a parabolic reflector may be so set or 
turned as to furnish the desired degree of light. For drawing, diffused daylight 
is used, by inserting a dull ground glass between the plate and the reflecting 

•Translated by Otto von Geldern, and priuted ui the Publications of the Astronomical 
Society of the Pacific, volume III, page 333, to accompany two lithographic charts of this crater. 
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mirror. The window at the left hand of the draughtsman throws light at the same 
time on the small drawing-board which holds the paper. A handy little drawing- 
table attached to the lower part of the apparatus, completes the outfit. That the 
person engaged in viewing or drawing may not become too easily fatigued, the 
plate with the mirror may be turned backward and set at will to any desired angle. 
The apparatus is arranged for large plates as well as for very small ones. 

Since every direct photographic enlargement presents numerous defects, and 
will be found inferior to the original, particularly in strength and intensity, it was 
not a superfluous undertaking to prepare enlarged drawings or tintings from the 
original plates — drawings that were to be made in this case with the greatest 
exactness and absolute truth as to strength and clearness — for the reason that 
work done in this manner may be continued at any time, and can be constantly 
controlled and improved upon. 

In this particular (wo methods were available; the first, by having very faint 
photographic enlargements of certain particularly interesting portions of the lunar 
surface thrown upon suitable paper, and by retouching them subsequently to the 
full intensity of the original ; and the second, by discarding photographic aid 
altogether and projecting a mathematically accurate enlargement to any desired 
scale, by means of suitable instruments, directly upon the best white drawing 
paper, upon which the representation is tben newly developed and entirely built up. 

In the first, or photographic method, which I used in making a 4-fold enlarge- 
ment of Mare Crisium^ from Apollonius in the south to Geminus in the north, 
taken from the beautiful Lick-negative of August 23, 188S, a work requiring 34?^ 
hours, I found it very unfavorable that the so-called salt paper (salz-papier), which 
is commonl}' in use in photographic coloring, is of so hj'groscopic a nature that it 
requires the most careful and painstaking drying, at a considerable expense of time ; 
and again, I have found that every photographic paper will lose in whiteness by 
reason of the chemical process it has to undergo, and in consequence will not admit 
of showing the lighter portions of the Moon with suflicient brightness. It was 
principally for the latter reason that I soon adopted the second method. Since an 
exact tracing of contours was unavoidable, and since I found that even the most 
transparent papers with millijncler graduation were unsatisfactory, I had glass 
scales made containing precise divisions into square millimeters. These, as well 
as the above described drawing apparatus, were made by the mechanician Heyde, 
of Dresden, who, after a few trials, succeeded in etching these scales. Such a 
scale is now laid, with its etched side down, upon the plate, and held there by 
means of two springs at its opposite ends; that part of the lunar surface which it 
is desired to enlarge is followed in the smaller squares ou the glass, and reproduced 
in similar squares previously drawn on the paper to any required degree of enlarge- 
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meat. lu this manner tHe originals of the two heliogravure copies accompanying 
this paper, of the magnificent ring-plain oi Archimedes were drawn, magnified ten 
diameters. 

The picture on the left belongs to the Lick-negative of August 15, 1SS8 (age 
of the Moon, 8 days), and required for its final and finished completion in tints 44^4 
workiug hours; while the one on the rig'ht is from an exposure taken at the Lick 
Observatory on the 27th of August, 18S8 (age of the Moon, 20 days), and required a 
working-time of 43 hours. Each is of a size of 5x7 centimeters. 

Let us now proceed to the scientific discussion of these drawings. In what 
-follows the one on the left will be designated as I, that on the right II. 

At first glance it is recognized that Archimedes appears somewhat larger on 
I than on II, although both drawings were magnified from the originals exactly 
ten times. From this it must be concluded that the lunar diameter of the photo- 
graph taken on the r5th of August, 1888, must have been larger than on the one 
taken August 27, 18S8. And indeed we find that, measuring in the line of the zero 
meridian (direction from the eastern wall of Autolycus to the west wall of Ptolemy) 
the diameter is 130.0 millimeters for the first named plate, while for the second it 
is only 119.7 millimeters. This is further explained by the fact that I was taken 
near the time of the Moon's perigee (which took place on August 14th, at o'' , Green- 
wich mean time), whereas II was obtained near the apogee of the Moon (occurring 
on August 28th, at i*", Greenwich mean time). If, for an approximation, the correc- 
tions for refraction, parallax, and libration be left unconsidered, the arithmetical 
mean of the dimensions of I and II may be looked upon as that corresponding to 
the mean distance of the Moon from the earth, which, as well known, was used in 
the large lunar charts of i meter by Lohrmann and Maedler, and the 2-meter 
chart made by ScHMlDT. Since the latter is based upon observations extending 
through a period of over thirty years, and is the most detailed, let us adopt it for 
the purpose of making our comparisous. Archimedes is shown upon Section IV of 
the same. As far as the effects of libration are specially concerned, a simple reflec- 
tion will show that on account of the juxtaposition oi Archimedes to the central 
meridian, it is principally the libration in latitude that need be considered. Since 
the center of the Moon was 4'' above the ecliptic on the 15th of August, and on the 
27th, 5° below it, the first exposure would necessarily show more of the southerly 
portions, and the second more of the northerly parts of the lunar surface. But 
siuce Archimedes is situated in about 30° selenographic latitude in the northern 
hemisphere, it follows that this walled-plain must lie nearer to the visible edge of 
the Moon on I than upon II, which is confirmed by comparing the two photographs. 
For this reason the meridional dimensions of I must appear perspectively shortened 
and those of II perspectively lengthened, when compared with those that occur 
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under a iiieaii geocentric libratioii in latitude (the Moon's center being in the 
ecliptic); and in our case this must be so in nearly equal amounts, so that, roughly 
speaking, we may also consider the mean of I and II as free from all libratory 
effects. 

In order to make this subject iutelligible to the reader without the aid of a 
contour drawing from I or 11, and without adopting a nomenclature of figures or 
letters for the numerous objects of each picture; and in order to permit a most 
careful comparison with Schmidt's chart, it will be well to characterize the single 
objects by means of polar-coordinates referred to some easily determined initial 
point. As such the center of the ring-plain might be taken, provided that its 
periphery were sufficiently regular for that purpose. But this is not the case. 
I have therefore joined the centers of the two craters, located southeast and 
northwest from Archimedes respectively, crater A (shown in the picture in the 
upper right hand corner) and C (at the lower left hand), by drawing a straight line 
from one to the other; this line was bisected, aud the point of bisection, which is 
nearly in the middle of Archimedes^ was adopted as the initial point (O) of the 
coordinates. By the projection of this line AOC, as well as by drawing the 
lunar meridian passing through O upon Schmidt's chart, the angle between the 
line OA and the direction O-South was found to be 51°. This angle properly laid 
off from AC on I and II, determines, upon each picture, the position of the 
meridian through O, and defines thus the cardinal points, north, south, east, and 
west for the landscape. If, furthermore, the angle between O-North and O-Object, 
measured from the north around to the east, be called the position-angle (/) of the 
object, the location of the latter will be absolutely fixed by this angle and the 
linear distance {d') of the object from O. It is also to be noted that when the 
lunar meridian is traced upon both pictures, this line appears upon II as though 
it were turned 15" toward the east in the upper part; this corresponds to the 
position of the line of the limit of light to the vertical edge of the plate in the 
exposures. The latter direction, however, was the necessary guide for the orien- 
tation of the enlarged drawing. 

By comparing the distance AC upon I and II with the same distance upon 
Schmidt's chart, we obtain at once the scale of my lo-fold enlargements, presum- 
ing that it is correctly given on the former. Schmidt gives AC = 83.5 (Maedler 
43.0), on I it equals 61.0, aud on II 57.0 millintelers. Since it is necessary to take 
the average of I and II, in order to reduce the Moon to meau distance, the dimen- 
sions of the mean of both drawings are smaller than Schmidt's in the proportion 
of 59.0 to 83.5. Every linear value of Schmidt's chart, therefore, if multiplied by 
0.7 will give very nearly the corresponding dimensions in the scale of my enlarge- 
ments. It follows that I and II correspond to a lunar chart having a diameter of 
1.4 meters^ which is nearly a meau between that of Maedler aud that of Schmidt. 



I 



PUBLICATIONS OF THE LICK OBSERVATORY. 

Since on the latter i 7nm.^ o".95687 = 1.7832 kilometers, it is seen that upon I and 
11, I mm. = i".i6j = 2.547 kilometers. A proof of this relation between linear and 
angular measure may likewise be deduced from the photographic focus of the Lick 
refractor. This taken at 570.2 inches = 14.48295 meters, will make the angle 
corresponding to i millimeter on the plate equal to 14.2419 seconds of arc, and 
increasing ten times, i mm. becomes equal to i".4242. We may therefore accept 
that I /««/, ^i",4 in these drawings. 

In the following table the most notable objects upon I and II have been iden- 
tified upon Schmidt's map by setting off their position-angles and distances. In 
order to enable one to compare the latter with I and II, the dimensions from the 
Schmidt chart are multiplied by 0.7, those of I by If, and those of II by jt, and 
the values so obtained have been designated as reduced distances. That which 
has been found at variance with Schmidt may be seen in the annotations to each 
object at the foot of the table. 
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Remarks. 

1. This little crater, shown by Schmidt, northeast of mountain E, with a diame- 
ter of about 2.5 kilometers, appears bright on I (like crater d, northwest of E) and 
may perhaps be identical with the little dark speck in the given position on II. 
There is a better agreement of/ and (/ in I than in II; it is necessary to observe 
that on account of libration the first distance is to be increased and the second 
decreased in order to obtain a reduction to mean libration. 

2. The interior northeast wall shows in this area two extensive depressions on 
II, the northerly having a crater-like appearance; while Schmidt has this inner 
wall entirely separated from the outer, without showing any transverse yoke or 
saddle. 

3. At this point we notice upon I a light finger-shaped appendage (buttress), of 
the extent of i}4 '«'«., by which the inuer wall projects into the floor of Ajchimedcs. 
Schmidt has nothing similar. 

4. This object, east of crater A, appears on II like a crater-pit, and agrees 
with the most northerly of the small craters there depicted by Schmidt. 

5. The northwest edge of crater A is not sharply defined upon II. While the 
diameter of this crater, measured normal to the line of the Snu's direction, is 
nearly 4 mm. on both I and II, this is no longer the case if measured in the direc- 
tion of the Sun, for in that case it becomes 4.7 (reduced 4.5) on I, and 5.2 (reduced 
5.4) on II, whereby an uncertainty in the position of the adopted initial point of 
the coordinates of 0.25 mm. is caused. 

6. Ou the southeast wall we have here according to II a nearly circular 
shallow depression of about lyi turn, diameter, which shows similar characteristics 
to the object described under (4). Schmidt has no indication of it, whereas the 
little crater shown on his chart on the southeast wall, with / = 109°, ^'=25.4 mm., 
cannot be recognized ou II. 

7. This object on II looks like a crater with a light floor, but it is possible 
that it may be a fault in the plate, for spots of similar extent, rotundity, and 
intensity appear quite frequently upon the positive plate, where their size amounts 
to 0.1 w;«. only, in places where such craters do not occur at all. It may be men- 
tioned that this spot agrees pretty well with the end of the southwesterly valley 
joining to A as shown by Schmidt. 

8. At this point the course of the outer crest line of the southwest wall agrees 
on I and II, but differs from Schmidt. 

9. Appears to be a faulty small speck in plate II. Schmidt shows at this 
point no crater of any kind. 

10. Here we notice upon II, in the mountain mass south of ArchimedeSy a 
depressed elliptical plain of 4 mm. in extent, containing a central elevation. The 
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position of the latter is designated by the given values of / and d. The same 
elevation is also found on I. The difference in d is fully explained by the effect 
of libration. This object, having all the appearance of a crater-like plateau on a 
high mountain range, not unlike the basin of a mountain lake, is shown neither 
by Schmidt, Maedler, Lohrmann, nor Neison. 

11. This object looks on I like a crater formation, which it cannot be, how- 
ever, considering the shadow cast. It represents rather an elevation with an 
easterly shadow, as readily detected upon II. Analogous illusions are apparent in 
several other objects of this plate, south of the one mentioned, but which have 
not been shown here. 

12. Of this known rill nothing certain is recognized on I and II. The cause 
may lie in the conditions of exposure of the plates. 

13. This part of the southwest wall shows on I very sharply notched configu- 
rations, which are not found on II. This may lead us to the conclusion that these 
notches He deeper than the crest, which is confirmed by Schmidt's drawing of the 
southwest wall. 

14. At this point we notice upon I in the interior of Archimedes a bright 
spot with an apparent easterly shadow. If this object of the plate has a real 
existence on the Moon it would be a most interesting one, for Maedler ("The 
Moon" . . . ) says; "We further remark that Maver's small chart of the Moon 
has a bright spot in Archimedes, which seems to designate a central mountain. 
Such an one, however, is known with absolute certainty not to exist here. He 
probably .saw the light central stripe very indistinctly, and took it to be a central 
elevation." As we had no additional photographic plate of the same evening in 
Prague on hand, the decision of this question was left to Professor Holden, who, 
after a most careful examination of the plates preserved at the Lick Observatory, 
expressed himself as against the real existence of this bright spot. 

15. This transverse cafion in the southwest wall shown by Schmidt is clearly 
identified on I. 

16. This position characterizes on I the center of a bright ridge casting a 
shadow, situated southwesterly of Archimedes, extending about 7 or 8 kilometers 
nearly in the direction of the meridian, which object is entirely missing on 
Schmidt's chart, which indicates there a smooth plain. If this be not again a 
fault of the photographic plate similar to object 14 (which, however, is hardly 
probable), the reality of this ridge should become a particularly interesting fact. 
Nothing certain is discernible thereof on II. 

17. This object seen upon I, the center of which is located by / and d, makes 
the impression of a terraced declivity casting a shadow of about 10 kilomelerSy 
west of Archimedes, and may be identical with the elevation shown by Schmidt, 
extending from northeast to southwest. 
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i8. At this point will be noticed a yoke-like connection between the exterior 
and interior walls of Archimedes in the west. On both sides of the same there are 
noticeable rifts or ravines of considerable depth. Schmidt has no indication of this. 

19. Upon Schmidt's chart this annular ridge is shown in the shape of a 
triangle. On I it is nearer like an oval lying in the direction of the meridian. 
Position-angle and distance of the centers do not agree with sufficient accuracy. 

30. This object seems to represent on I a crater-like depression, but does not 
appear as such on Schmidt's representation. 

21. On II there is seen at this point something that looks like a sort of a 
crater-pit of small size, but this object is just as likely to be a defect in the photo- 
graphic plate. 

22. This crater, designated by Schmidt as C, shows upon I an elevated 
appendage or buttress on the east toward the mountain E, and on II it shows to 
the north and almost adjoining it a shallow pit. These are not given by Schmidt. 

23. This crater, which ScHMlDT refers to as d, appears on I as a bright spot, 
but upon II as a real crater. The diflfereuce in distance between I and II is 
accounted for by the eflfect of libration. It might be presumed, judging from the 
diverse character as indicated by the photographic plates, that only the eastern 
wall of this crater is of a precipitous nature; while the western wall has a more 
gentle declivity, which would throw a deep easterly shadow only at a lower position 
of the Sun. (Compare, however, the corresponding remarks upon d below; and in 
the description of Arzachet.) 

Mountain E. — This is interesting on account of the difference in shape on I 
and II. From it a long ridge reaches toward the southwest, which does not, how- 
ever, pass as uniformly as Schmidt has it. Particularly interesting is the dark 
crossing of the same, shown on both drawings east of the crater d. 

Concerning the interior oi Archimedes it is evident that both photographs do 
not at all lend it the appearance of the "mirror-like smoothness" of Maedler'S 
plain. In considering its numerous and diverse photographic details, it is, of 
course, to be observed that we are not able to separate those which are due to the 
inequalities of the bottom, from those that find their origin in faults of the plate 
and in the finer gradations of the sensitive film, so long as there are not at least 
two plates taken consecutively on hand for comparison. For this reason a discus- 
sion of the interior details of Archimedes must here be omitted entirely. It may 
only be mentioned that the well-known lighter zones of the floor are quite visible, 
but that of the finer craters, shown by Schmidt and others, nothing is discernible 
in the interior. 

The whole comparison of these photographic representations with Schmidt's 
chart confirms again the excellence of the latter, but it shows, too, that it may be 
improved upon. 
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It has also been of t 



: interest to me to compare I and II under the same 
conditions of light with a view through the 6-inch Steinheil refractor of the 
Prague Observatory. II was compared on the 31st of March, 1891, at idYi^ Prague 
mean time, I on April 17, 1S91, at SJ-^" Prague mean time, with the celestial object. 
Although at both times the air was rather unsteady and not very clear, so that a 
magnifying power of only 150 seemed advisable, still it was readily proven to me 
that the photograph did not represent everything visible. For instance, clear and 
easily discernible tracings of terraces, on a brightly illuminated background were 
lost entirely, while in the lesser shaded parts a plentiful and just as easily distin- 
guished detail was lacking altogether. It is possible to explain this only by 
assuming that the adopted mean period of exposure for the plate, which would 
furnish the best average picture, over-exposes the bright walls of Archimedes^ and 
that thus the dark terrace lines thereon are obliterated, as a result of the effect of 
diffraction of the surrounding light (compare the photographic representation of a 
narrow lightning-rod on a background of light clouds, which by exceeding a cer- 
tain exposure will disappear entirely from the picture), and, on the other hand, 
shaded portions of the wall are under-exposed in the same manner. It must also 
be mentioned here that on the 17th of April, 1891, the crater d showed in its 
interior another shadow, whereas the same is entirely lacking on I. In addition 
to all this we must admit that numerous photographic details were not discernible 
with the telescope. 

From the foregoing, the conclusion is justified that photographic representa- 
tions of the Moon, as constantly improved upon and now approaching a degree of 
completeness never before attempted, as at the Lick Observatory, furnish a most 
valuable aid to optical observation, and will, considering the diversity in the 
chemical and optical albedo of the lunar surface, become the means of materially 
supplementing it. But it is to be remembered that one photograph alone will not 
give us an absolutely true representation of the Moon, meaning a representation 
of everything visible; for with a certain period of exposure some parts will be sure 
to be over- and others under-exposed. It is only by taking a series of consecutive 
photographs of varying exposures, which should be confined rather to very small 
lunar areas, that we can finally hope to obtain a copy true to nature. In the same 
manner in which we succeed in photographing the dark solar spots on the bright 
face of the sun, we should also be enabled to obtain the dark terraced lines on the 
lighter walls, heretofore referred to, or the fine black rills surrounded by bright 
light, if the exposure of the plate be properly reduced. The final decision in this 
matter, however, will depend upon experiment. Although a photographic repre- 
sentation of the Moon, in spite of the most excellent results of the Lick Observa- 
tory, leaves much to be desired in point of strength and clearness, as is particularly 
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apparent in studying the greater enlargements, it yet furnishes us a wonderfully 

beautiful relief of considerable extent, which can never be retained and depicted 

with equal truth to nature by the most skillful draughtsman, on account of the 

great number of visible objects and the rapid change of lunar shadows; and at the 

same time it gives an astonishingly accurate detail of individual portions, which, 

for the control and revision of present lunar charts, becomes of the utmost value 

to the selenographer. 

L. Weinek. 

Pragiu^^vly 6, 1891. 

With reference to the heliographic reproduction of Archimedes^ it is to be 
remembered that although it is exquisite in appearance, the finer shades on the 
bright walls, as well as the tones where there is a transition from darker to lighter 
portions, or conversely, are still given incompletely and do not fully represent the 
delicacy of the original. 



DRAWINGS OF ARZACHEL* 

{See ttie preceding faeliogravnre ptate, figuiee in and IV.) 



The lo-fold enlargemeuts III and IV were obtained in the same way as those 
for Archimedes. Figure III absorbed 42^, and IV, 49J4 hours of actual work. 

In order to discuss the drawings of Arzachel in the same way as those of 
Archimedes^ it will again be necessary to choose an origin of coordinates, O, within 
the walled-plain. It appears to be most advantageous to place the origin at the 
center of the deep crater A (Schmidt, Maedler), which lies near the middle of 
Arzachel. In order to fix the meridian through O, this latter point should be 
joined with the middle of a second round crater, somewhat smaller than A, which 
lies on the southwestern outer wall of the ring-plain Aipkonsus^ and the relation of 
this line to the meridian must he fixed by the data given on Schmidt's map, Section 
VIII. The crater last referred to (called d by Neison) is shown in III to the right 
and below Arzachel, and in IV almost immediately below and in the middle of the 
figure. As is well known,' the great lunar chart of Schmidt was constructed by 
taking as a basis the positions determined by Lohrm.^nn', and the finer details 
were then inserted, preserving the adopted scale. Schmidt's chart, therefore, 
includes all the errors of Lohrman'N's map, as well as those which, in the nature 
of the case, must arise in this method of drawing. As, however, the small crater 
last named lies close on the border of a larger valley, surrounded by mountains 
(ring-plain), its position, as given by Schmidt, can be assumed as essentially 
correct, at least so far as relative proportions are concerned. The meridian through 
O lies, according to Schmidt, in the northern parts of figures III and IV (that is, 
in the lower portions of the plate), about 15° east (to the right) of the line, joining 
the two small craters in question. 

It may be here remarked that very considerable differences exist between 
Schmidt (Lohrmann) and Maedler in this region of the Moon. The line just 
described, joining the two small craters, makes in Maedler's Mappa Selenograpkica 
an angle of 26° with the meridian instead of one of 15°. Moreover, Maedler's 
position of the middle of the crater A is, east longitude — 2° 14'; south latitude 
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— 18° 4' (see Maedi^ER, Der Afond^ p. 304) ; while these positions from Lohrmann'S 
chart are, east longitude — i°-i9; south latitude — 17°,89. While the latitudes 
agree very well, the longitudes differ by a whole degree. In Maedler's map, also, 
the meridian of lougitude — 5" passes almost exactly through the middle of Thebit, 
while the same meridian, according to Lohrmann, is drawn to the east of that 
crater. If, again, we measure the angles which have their vertex at A, and whicli 
are included between lines joining A and the second small crater named above, 
and joining A and a third crater of the same size which lies west of Arsachel (in 
III this crater is on the left hand edge of the figure, about 13 mm. from the lower 
border), we find these angles to be 82° according to Schmidt (Lohrmann), 53° 
according to MaedleR, and 69° according to figure III. The last number 
requires, however, to be somewhat diminished on account of libration, so that we 
may regard the photographic value as lying midway- between the other two. 
These examples are sufficient to exhibit the degree of agreement of the chart of 
Schmidt with the photographs, and to show that it must not be expected to be 
exact. On the other hand, a precise agreement should exist between III and IV, 
as in fact is the case. 

In order to find identical objects on HI and IV as easily as may be, it will be 
the simplest to imagine the dark points on III as bright on IV, and conversely; 
or to regard one picture as a positive while the other is considered as a negative. 
The agreement of the two figures is then remarkable. At the first glance it 
appears that III is extended in the direction of the meridian, while IV, on the 
other hand, appears to be compressed. This is fully explained by the effect of the 
libration in latitude previously spoken of in connection with the Archimedes 
drawings, except that this operates in the contrary way since Arsachel lies in south 
latitude. I is shortened, III is extended; II is lengthened, IV is compressed; 
although I and III as well as II and IV correspond to the same moment of 
observation, the first to August 15, 1888, the second to August 27, 188S.* 

With this preface, we may proceed to the comparison of the principal objects 
on III and IV with Schmidt's chart. For this purpose each object in the follow- 
ing table is designated, as in the case of Archimedes.^ by its position-angle and 
distance from the origin of coordinates. The reduced distances can be calculated 
by the use of the same factors emploj'ed with Archimedes., although the factor of 
reduction 0.7 for Schmidt is not entirely satisfactory for Arzacfiel. This may 
arise either from an erroneous length AC on Schmidt's Archimedes drawing, or 
from other errors of the position on his drawing of Arsachcl. 

*0n the Moon-negatives taken in 1888, by Professor Burkbah, there is no record of the hour 
and minute of exposure- time. 
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I. In this place Schmidt has drawn a small crater, forming the end of a ^^k 


crater-rill which originates in the north wall of Arzackel, and which debouches in ^H 


the southwest border of the interior of Alphonsus. Although the illuminatiou ^| 


does not appear to be unfavorable, this is not shown as such on figure IV. The ^^k 


light area in/= i8°, d= 28.6 mm. should be a part of its east wall. North of this, ^H 


the southernmost of the known dark spots in Alphonsus is to be seen. Between ^| 


m-8 ^^^^^H 




p^o° and p^ i6°, IV shows the southwest wall of Alphonstis in full illumination, 
and it has in this place a character different from the drawing of Schmidt. 

2. This crater in Schmidt's map is pear-shaped, with its longest dimension 
pointing toward A. Upon IV it appears to be of an elliptical shape, with the 
shorter axis in the direction of the libration, and it should therefore be really 
circular in form. Its position-angle and distance agree only partially with 
Schmidt's values, although there can be no doubt as to the identification of the 
object. 

3. On III there is in this place a dark intersection (which is bright in IV) of , 
the northeast inner wall of Arsachel, which appears to constitute a saddle. The 
distances correspond to the points of beginning and ending, the position-angle to 
the middle point. The latter shows a large difference on III and IV, which is, 
however, entirely explained by the diflFerence in the eifects of libration. No such 
intersection is shown by Schmidt. 

4. This object appears on III and IV to be entirely similar to No. 3, and is 
not given by Schmidt. Both 3 and 4 are clearly identified on both negatives, and 
form a characteristic of the northwest inner wall oi Arsac/iei, 

5. This crater on the northeast crest is designated by Schmidt and Maedler 
as 6; it is not difiicult to complete the contour in III, and on IV it is also easily 
seen if one imagines IV as a negative of III, or conversely. The distance given 
by Schmidt is too great, while the distances on III and IV agree well after the 
distance on III has been slightly diminished on account of libration, and that on 
IV has been increased for the same reason. The large difference of the position- 
angles on III and IV is again due to the effect of libration. Another Mount 
Hamilton negative (1891, July 14th — Moon's age 9'' o'') shows the southeast wall 
of the crater very clearly. 

6. Schmidt represents in this position a small crater on the eastern outer wall 
oi Arsachcl. The bright mountain-summit (concave toward ^) in the same posi- 
tion on III is the representative of the southeast crater-wall; as is also plainly 
shown on the negative of 1S91, July 14th, just mentioned. On IV this crater 
cannot be distinguished as such. According to Neison the craters in the wall of 
Arzachel are particularly dif&cult to make out. Between objects 5 and 6, III shows 
a bright mountain crest which has the form of a figure 2, and which is also to be 
seen on IV. Schmidt has not succeeded in giving the character of the mountain- 
forms in this place, and still less Maedler, who represents the region as a level 
surface. 

7. On III the high mountain valley e (Neison) is shown admirably. This is 
the object which Schmidt has inserted in his Catalogue of Kills (1866) as a rill- 
valley (No. 30S), but which was discovered by Lohrmann in 1824. According 
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to III it is intersected in fi = i^6° by a conspicuous broad yoke, which Schmidt 
does not give. The northerlj' valley has in /' = 12t,'', on the inner side, a clearly 
marked curvature, which is laid down by Schmidt. This valley is particularly 
plain on IV. The distance (/ refers to the average distance oi" the double-valley, 
the position-angles to its beginning and ending. Here, also, Schmidt's distance 
is larger. A third valley, likewise separate, is connected on the southwest to this 
double-valley. This third valley extends to p^i6^°, and is almost of the same 
length as the most northerly valley. From its north wall, according to III, a long 
mountain spur projects toward the southwest, which is not correctly given by 
Schmidt. On its southeasterly declivity is Maedler'S wall-crater J, which on 
III is in p=iyi°, fl'=25.8 mm. It is somewhat difficult to make out, but is much 
better seen on the Mount Hamilton negative of July 14, 1891. 

8. East of the central mountain withiu Arsachel, IV shows a small dark spot, 
which appears as if it were a crater. Schmidt draws a very small crater, which 
agrees closely iu position with this dark spot, 

9. This crater north of Thfbit appears (IV) toward the west as a continuation 
of a plainly marked mountain plateau, with a steep declivity, which is not repre- 
sented in this way by Schmidt. It may be here remarked that the heliogravure 
is least successful in this neighborhood in its representation of the northern 
outliers of Tliebil^ between the crater last named and /^iSo°. The plate gives 
them as too hard. 

10. On III there is a figure-of-eight shaped valley in this place, which Schmidt 
does not give. At least he does uot give the evident cross-yoke formation in 
^^209° which connects the southwestern interior crests with the outer crests. 
Beyond these a valley of considerable length stretches toward the north. Neison 
refers to this and designates it by the letter/l 

11. This position refers to the middle of the east wall of the ring-plain e 
(Schmidt) to the north of Ptirback. Schmidt's position-angle does uot agree well 
with IV. It is to be remarked that the effect of libratiou alters nothing in this 
position, since this object lies near to the meridian of A and is far from the origin 
of coordinates O. This ring-plain also shows, in the interior toward the west, a 
depression of its floor parallel to the east wall, which is not referred to by Schmidt. 

12. In this position, on the southwestern inuer crest, IV shows a small, very 
black spot, which does not seem to be a defect in the plate, and which indicates 
either a steep lateral break in the wall or a small crater. The three small craters 
of Schmidt, which lie somewhat farther north on the same line of crests, should 
be visible ou IV at the small outward curve of the shadow iu this place. 

13. This position refers to the strong curvature of the outer crests, where these 
take ou a more northerly direction. Ill and IV agree well in/ and d. The identi- 
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fication on ScHMlDT'vS map is somewhat uncertain, since his drawing does not 
clearly express the general trend of the outer line of crests. The position is 
rightly chosen, however. The position-angle (according to Schmidt) is again 
considerably different. 

14. This object ou the western inner wall (IV) gives the impression of a crater, 
and is assumed to be identical with the wall-valley which Schmidt gives in this 
position. 

15. This round crater on the northeast outer wall of the ring-plain c (Schmidt, 
Maedler) west of Arzachel^ is very well shown on III; it is not within the limits 
of IV. The identification of this crater is beyond doubt, and it is therefore some- 
what remarkable liow greatly the position-angle of Schmidt differs from that on 
III, and that it differs in the same direction and by the same amount as for object 
No. II. Schmidt's position-angle is in error in this place, and this remark applies, 
naturally, to the entire neighboring region. To the north a large ring-plain is 
joined to this crater, which is well shown in III. It has a depression in its eastern 
interior portion, while the floor is drawn by Schmidt as entirely plane. 

16. In this position III shows on the outer crest a crater-like formation, which 
is to be interpreted as a high mountain valle}'. 

17. IV shows in this place a very plain and large crater formation, which can 
be seen on III also without difficulty. The difference in position-angle in Schmidt 
is of the same amount as in the case of object No. 15, 

18. Here the northwest outer crests make on III and IV a sharp angle, whose 
position agrees closely on the two photographs, Schmidt does not characterize 
this angle so plainly as does Maedler. North of this there appears to be a 
descending valley, which is particularly well shown on IV. 

19. Here IV clearly shows the beginning of the crater valley e (Neison), which 
extends to the west from the high mountain peak Alphottsus^ E. South of this lies 
a conspicuous cliff in a horseshoe form, which can also be seen ou III. 

20. This position designates, on III, the northeastern end of the serpentine 
rill inside of Arzachel which was discovered by Schmidt May 16, 1853, with the 
Fraukhofer telescope of the Berlin Observatory, and which is given as No. 309 
in his Catalogue of Rills. Its sinuous form is plainly shown on III, but its 
character as a rill is not so evident. The position-angles differ considerably on 
account of the proximity of the object to the origin of coordinates. The place 
of the origin as given by Schmidt does not seem to be quite correct. 

21. This crater on IV has a somewhat sharp-angled termination toward the 
northwest, and its form is a little exaggerated in the heliographic reproduction. 
To the west of this object the surface is by no means so smooth as it is drawn by 
Schmidt. On III the line of the rill, which originates at the northwest wall of 
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Arzachei, is plainly shown in the same position-angle, and tends with a gentle 
curvature toward this crater. 

The interior of Arzackel is shown in especially rich and clear detail in figure 
IV. According to III the interior is not unifonuly smooth in the northern and 
eastern parts, as it has the appearance of being in Schmidt's map. Two diminu- 
tive craters in the line joining crater A to object No. 3 (one of which lies near A, 
the other quite on the border of the interior) are seen witliouL difficulty on the 
original from which IV was made ; but on the heliogravure they are barely indicated. 
On III, crater A has a small, bright appendage to its southeast wall, which corre- 
sponds to the small wall-crater which Schmidt figures in this situation. To the 
south of this (on III) the neighboring large crater can be made out by its eastern 
wall and faint shadow. This is shown on IV, but not so plainly, bj' its western 
bright wall. The crater-valley at the southern outliers of the central peak can 
also be better seen on III than on IV. From the northern end of this (on IV) a 
plainly marked, bright, division-line extends westward to the foot of the mountain, 
dividing it into two parts. This should appear on III as a dark line, but it is 
nevertheless entirely lacking. The reason of this is that the exposure-time of the 
plate of August 15, 1888, was not entirely suitable for Arzachel. In this respect 
the plate taken July 14, 1891, is much more detailed. On the latter the dark line 
in question is given very clearly, the crater between this and A is strougly marked, 
and on the bright eastern wall of Arsachel many dark terrace-lines are shown, and 
indeed there is manifold detail even within the deep shadow. In passing, it may 
be remarked that this negative shows the crater d north of Archimedes plainly, as 
well as its shadow. If I had been in possession of this negative of July 14, 1891, 
at the time I commenced my drawing of Arzachel- I should have used it in prefer- 
ence to that of August 15, 1888, and should have been able to present repre- 
sentation III fully equal to IV. As the shadows are entirely alike on the two 
negatives last mentioned, and as Arzcuhel is equally distant from the terminator 
on both,* the comparison just made affords a good illustration of the great impor- 
tance of giving the exact exposure-time required for a special object, if it is 
wished to faithfully reproduce the smallest details; and it illustrates also the 
necessity for having access to several negatives of the same age of the Moon, if 
any neighborhood is to be studied minutely. f 

*The effect of the libratioti is, however, different in the two plates. For example, the negative 
of 1891 shows crater A, as well as the objects Nos. 5, 15, 21, rouud, and not extended. 

f The exposures for the Moon, with the full apertnre of the great telescope, are never more 
than a few tenths of a second, and even when the aperture is reduced to 12 or 8 inches, they seldom 
exceed three seconds. Different objects on the Moon appear in all possible brilliancies, from the 
maxinmm brightness of Aristarchiis to the deepest shadows, and it is not practicable to vary the 
exposure-time of the original negatives, so as to insure that all the features of the surface shall be 
shown, each with its appropriate exix>sure-time. The exposure- times of the original negatives now 
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In concluding this comparison, it may be stated generally that Schmidt has 
not entirely succeeded in displaying the character of the mountain landscape in 
the neighborhood of Arzachel in all its particularities, and this is readily compre- 
hensible when we consider its great complexity, and the difficulty of delineating it 
on a map. The representation given by Schmidt is, in spite of all drawbacks, most 
admirable. With reference to the heliographic reproduction of my original draw- 
ings of Arzachel^ the remarks which I have already made on those of Archimedes 
are entirely applicable. Finally, I may refer to an interesting optical delusion, to 
which Professor Holden has called my attention, with reference to figures III 
and IV. If the plate is correctly held with the numerals III and IV above^ the 
interior of the ring-plain appears convex on III and concave on IV. If the 
numerals III and IV are beloiv^ the effect is reversed. If the plate be rotated 
in a plane perpendicular to the line of sight, the convexities and concavities go 
through a cycle of changes which are usually the same for each observer, but 
which diflfer with diflferent observers. The explanation of this is obvious, and the 

phenomenon is well known. 

L. Weinek. 

Prague^ 1891, December 4. 

taken at the Lick Observatory are, however, varied considerably in accordance with the suggestion 
of Professor Weinek. I have pointed out a method {^Publications of the Astronomical Society of 
the Pacific^ vol. Ill (i89i),page 249) by which at least some of the advantages which I have spoken 
of may be secured in the subsequent copyings of the plate, and it is not yet certain that this method, 
properly used, may not give all that is desirable. — E. S. H. 



DRAWING OF PETAVIUS.* 



(See the heliogravure plate Tacinf; this page, the litliiigrnph, ami the wootl-eiit in the text. ) 



During the progress of my lo-fold enlarged drawing of Arzachcl from the 
fine Mount Hamilton negative of August 27, 18S8, which is so rich in details, it 
occurred to me that it would be desirable td extend the scale of enlargement still 
further, because, in the first place, an enlarged scale would allow a freer use of 
the brush, and secondly, because the detail of a larger drawing would be better 
reproduced by the process chosen for illustration. I decided to take the step to a 
20-fold enlargement at once, although I did not then appreciate the difficulties thus 
introduced in copying such a mosaic-like object, by the considerable limitation 
of the field of view of the higher-power eye-piece employed. 

I accordingly obtained frum the optical establishment of Messrs. Rein- 
FFXDER & Hertkl, iu Munich, a very fine achromatic micrometer eye-piece of 
half a Paris inch (13.53 w/»/.) equivalent focus. As my distance of distinct vision 
is 28 cm., it follows that the linear magnifying power of this eye-piece is, for me, 
21.7 diameters. This eye-piece, if used in connection with the Mount Hamilton 
telescope, whose photographic focus is 14.483 meters, would correspond to a mag- 
nifying power of 1070 diameters. According to what has been said in speaking 
of the enlargements of Archimedes, it follows that a 20-fold enlargement of the 
Mount Hamilton negatives corresponds to a drawing of the Moon of about 2.8 
(no inches, or over 9 feet) in diameter. 

The use of a glass reticle divided iuto square millimeters in the manner 
which has been previously described required that the smallest squares of the 
enlarged drawing should have sides as large as 2 centimeters. After sufficient 
practice it was found that such squares were not too large to allow the details 
to be inserted by estimation of their relative positions. Trusting that my great 
inclination for the work would overcome the difficulties of the actual drawing, 
which include the most painstaking study of the original as well as the greatest 
completeness iu the representation of it, I began on June 23, i8yi, the 20-fold 
I enlargement of Petavins from the admirable Mount Hamilton negative of August 

I •Translated by Edward S. Holden. 
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31, 1890, taken at 14'' 27™, P. S. T. (Pacific standard time + 8 hours = Greenwich 
mean time). A second plate, taken two minutes earlier on the same night, served 
as a control and to eliminate occasional defects in the film of the first-named 
negative. I chose this object {Pefaz'ii/s) particularly because Mardlrr had con- 
structed a special chart of it on almost the same scale, and as it appeared profitable 
to supplement his schematic drawing by a plastic representation as complete as 
possible, and also because an estimate of the agreement between the two draw- 
ings would not be without interest. The drawing (12x18 rcntimelcrs in size) was 
completed November 23, iSgi (I was absent from Prague during two of the summer 
months), aud it required in all 120^4 actual working hours. The original drawing 
may be considered as completely successful; the heliogravure is considerably less 
satisfactory than the drawing in respect of the lighting, the fineness of the tran- 
sition tones, and in the richness as well as the clearness of its details. It may 
serve to characterize the degree in which the heliogravure falls behind the original 
drawing if I say that I should consider it necessary to put from 30 to 40 hours 
more work upou a drawing of equal excellence with the heliogravure, before I 
should regard such a drawing as completed. In spite of this criticism the plate 
must be considered as a successful reproduction. Its lacks are due to the great 
technical difficulties in printing such copies and to the nature of the heliogravure 
process itself. 

According to the table on page 65, the work on this drawing extended over 52 
days, with a daily average of 2.32 hours. During the actual process of making the 
picture there was a special pleasure in the effort to give a true representation of the 
crater as a whole, in spite of the difficulties introduced by the fact that the eye-piece 
employed only showed a small fraction of the formation at one view. It was nat- 
urally necessary, after the completion of this step-by-step process, to review the 
work by means of an eye-piece having less magnifying power, in order to obtain 
by this second study and comparison a true representation of the relative lights 
and shades of the original picture. This review was made by means of an eye- 
piece of 41.15 »im. equivalent focal length, with a linear magnification of 7.8; 
and the depths of shadow in the drawing were adopted as they appeared in this 
eye-piece. Again, only the more important particularities which the drawing 
revealed, in addition to the representations of Mardler aud of Schmidt, were 
depicted. For it is not possible to include every detail without making separate 
drawings and without introducing new designations of the different single objects. 
To go into the finer detail of a 20-fold enlargement would involve the construction 
of an entirely new chart of Petavius; so manifold are the new forms which light 
has depicted on the sensitive film of the plate. The comparisons are principally 
made with Maedlkr'S large special chart made by him in Dorpat, in 1S32, "on four 
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admirably clear nights" (January g, 10, Marcli 4, 6),* and also with Schmidt's 
map, Section X. For shortness, I shall denote the former by M, the latter by S, 
and my 20-fold enlargement by W, 



Summary of Ike Working Hours Employed ufot 
Negativt 



the Drawing of Petavi 
ef August 31, iSgo. 



s l,i!20) from the Mount Hamilton 



September aS . 
October 4 . . . 
October 6 . . . 
October 7 . . . 
October 8 . . . 
October 9 . . . 
October 10 . . . 
October 11 . . , 
October 13 . . . 
October IS . . , 
October 16 . . , 
October 17 . . . 
October 18 . . . 
October 19 . . , 
October 20 . . . 
October 31 . . . 
October 22 . . . 
October 23 , . . 
October 24 . . . 
October 25 . . . 
October 26 . . . 



9-.i>i- 

7-8 
9-IoJj 
8-9>i 
9Sf-i3 






'i)i-iiyi 



3h-3« 
S-3X 
3>i-3Ji 

iK-3fi 
>-3>4 

3-3M 

a-3?i 

1-3 
a-3 



i-3>i 

»>i-3Ji 



October vj . . 
October 38 . . 
October 29 . . 
October JO . . 
October 31 . . 
November 1 . 
November 2 . 
November 3 . 
November 4 . 
November 5 . 
November 6 . 
November 7 . 
November 8 . 
November 9 . 
November 10 . 
November II . 
November 12 , 
November 13 . 

November 15 . 
November 16 . 
November 17 . 
November 18 . 
November 19 . 
November zo . 
November 23 . 



9-io« 
9-ioX 



a-2>i 
a>i-3>i 



lo-^-nJ-i 

8-ia 
8>i-9>* 
9-11 
9-9>i 
9-1 1>4 



10-12 






io}i-ii;i 



2-3 

a^-3 

2^X 

a-2>i 
a-3 






Sum— hours 130.5 

Number of days 52 

Average number of hours per day 2.32 



The wall of Petavius is in its general features best shown in MaedlER'S 
Mappa Selenographica^ and its separate features in his special chart (which I shall 
call M). In this latter respect, Schmidt's map (S) is the least successful, for it is 
often difficult to identify the characteristic features. The method of drawing 
adopted by Schmidt gives, generally, only the bright separate line of crests, and 
often leaves the declivities perpendicular to these entirely out of account. The 
convex interior surface, with its well-known great r///, is only shown by Maedler 
and by Schmidt in its principal features — better by the latter selenographer. The 
20-fold enlargement gives, in this respect, the completest details and the finest 

"See the accompanying lithographic plate, which reproduces Mabdlbr's chart reduced to the 
scale of my drawing. 
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changes of level of the (erraiv^ which up to this time have not been fixed by any 
chart. On the other hand, the enlargement shows in the southern interior several 
faint rills,* which constitute, if they are indeed veritable rills, noteworthy evidence 
of the excellence of the photographic process. The central mountain is better 
shown on M than on S, although M still leaves something to be desired in this 
respect. Let us now make comparisons of the single features. The selenograph- 
ical positions which I shall give, A (+ if west) and /3 (+ if north), are taken from 
the chart M. 




1. In the first place it appears that Schmidt has drawn the ring-plain Pelavius 
a {^IVrottesley, according to Neison) too far to the north. According to Maedler, 
its place is more correctly given in M than in the Mappa Selenographica, 

2. A long declivity is connected with IVrolteslcy toward the north, in the 
direction of the M'est wall of this ring-plain. The contours of this are tolerably 
correct in M, and inexact in S. On the high plateau of this declivity Maedler 
and Schmidt depict large plane areas, which do not exist according to W. In 
A= -i~57''.3, /? = — 22°-5 (center), M fails to show a long terrace-like slope, while 
the pass lying to the west is plainly exhibited. In A = + 56°.3, (i = — 23°.o, W 
depicts a chain of three craters (the southernmost of which, however, is only 
doubtfully shown as a crater), which lie on the eastern crest of the declivity in 

• I use this expression in a general sense, and I mean by it to denote shallow depressions on the 
Moon, which are usually of considerable length and of relatively small width. 
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question. Moreover, the object in A^= + 56°-9, /5=^ — 23°.! also has the appear- 
ance of a crater; so that in this neighborhood there are three or four craters which 
do not appear either in M or in S. 

3. In A^ + 55°.3, /3 = — 22°.7 (center) a second declivity runs in the direc- 
tion of the east wall of JVrottesley and north from it. With a low magnifying 
power this, in the Mount Hamilton negative employed, and also in that of August 
23, 188S, gives the impression of a rill-like valley. Schmidt shows in this place 
a complex system of small craters. In M nothing is given, 

4. The valley, just described, extends to the north to a small crater, which 
has a diameter of only 0.15 wwn. on the photographic plate (and yet is plainly 
visible), and which is easily identified on S. Southeast of it lies a larger crater 
(on the right hand lower edge of the drawing W), which is drawn by Schmidt 
too close to the first-named crater. This is caused by the erroneous position of 
IVroilesley upon S. According to W, a fine rift or rill seems to issue from the 
first-named crater toward the northeast. 

5. On the lower edge of the drawing W the southern end of the crater Pefavius 
B is to be seen. Maedler {AJappa Selenographicd) and Neison have there a small 
wall-crater, which does not appear on W, and is also not indicated by S. 

6. The western, southern, and northern walls of Wrottesley have, according to 
W, a broad, gradual slope, which is indicated by Schmidt, but which Maedler 
shows as entirely precipitous. This slope gives to the interior a tunnel-shaped 
appearance. The centra! peak y (Maedler) is single in M, 3-fold in S. W 
shows two peaks, the southernmost of which must be comparatively low, how- 
ever. The cross-cleft which Schmidt shows on the most northerly may have been 
lost in the negative on account of the exposure-time. On the northeast crest of 
this ring-plain there appears to be a short pass, according to W, from which a 
narrow rill issues toward the northeast. There is nothing like this in S. 

7. In A= + 55°,8, /3 = — 24°.7, at the southern crest of the wall of Wrottesley^ 
W shows a large crater. M does not give this; S, on the other hand, shows three 
small craters in this place. South of this, W shows another shallow crater-like 
formation, which is not given by S or M. 

8. The crater c on the southern inner wall of Petavius lies, according to W, at 
the crest of the wall and does not break through it, as it appears to do in S. M 
agrees with W as to this. At the southwest wall of this crater, W shows a bright 
streak, which extends toward the west and which appears not uulike an elevated 
ridge. M and S do not depict this feature. 

9. In A = -{- 6o°.3, (3 = — 26''.7, W shows on the southwest inner wall of Petavius 
a wavy cross-wall, shown also by M, which is not given by S. M draws north of 
this, and immediately adjacent, two larger craters, which are tolerably plainly 
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shown in W, in spite of the shadow of the above-named cross-wall which falls 
upon them. These craters are also well shown in my small drawing of Pelavius 
(in the Prague Astronomical Odseri'ations of 1885, 1886, 1S87), but they are free 
from the shadow of the cross-wall, which is only to be seen in that situation when 
the Sun is very far south. North of this M has (in A = -f- 6o°.9,,fy = — 26°.2) a 
long crater-valley in a nearly meridional direction, which is uot to be seen, as 
such, on W, nor on S- The rest of the west and northwest wall of Petavius is 
represented by M correctly as to its chief features, and particularly as to its inner 
boundary. This is not so in S, upon which single formations are placed too far to 
the south. 

10. South of the central peak A, W shows a bifurcation of the mountains, 
which has the appearance of a crater, but neither M nor S show it in this way. 

11. In the southern interior the chief objects shown on W are two plainly 
marked walls in the direction of the meridian; the easternmost of these extends 
toward the north over the great rill and is correctly given by S in its main 
features. In A = -f 6o°.7,,iy = — 25°.g, W shows two large semi-circular depres- 
sions on the inner southwest border which are missing in M and in S. In par- 
ticular, the hummock-like nature of the southern parts of the interior is only 
imperfectly g^ven by Maedler and Schmidt, and in the northern parts this hum- 
mock-like interior is scarcely indicated at all. 

12. In A=-j-6o°.2,/iJ = -— as^-S, M shows a small crater westward from the 
southern outliers of the central peak which is not given on W. On the Mappa 
Selenographica two craters are laid down in this place; but Neison remarks that 
these are doubtful, and that the surface sometimes appears to have two small 
depressions here- 
in. On the other hand, W shows in A = -|- 59°.6, ,d = — 26°.o a small crater 

formation, and again in A = -|- 58°.7, /? = — 25°.7 an elongated crater-fork, through 
which goes a narrow rill, whose bright walls are occasionally seen. This originates 
at the southwest wall, north from the crater spoken of above (No. g), and can be 
followed in a wavy line directly through the southern interior to the great rill, and 
up to its southwestern precipices. North of the center of the great rill, S draws 
a very small crater, which is plainly seen on W. In the southern interior there 
are other narrow rills, one of which debouches into a kind of a crater-pit, which 
is also shown in the northern interior. 

14. The great Petavius-Rill has a greater breadth than Maedler gives to it. 
According to W, there is in A^ + 58°.2, ^== — 25°.3 (that is, near its middle 
point), a knee^ which is not recorded by any selenographer. Furthermore, a 
bright cross-streak is shown near the central mountain, which is not unlike a 
rock-bridge. Both borders of the great rill appear hiUy, and this is especially 
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obvious on the eastern side. (It should be noted that this character was pointed 
out years ago by Mr. Elger, though it was denied by other selenographers.) The 
curvilinear direction of this rill, with the convex side toward the northeast, is 
correctly represented on M. On S it is rectilinear. 

If the entire delicate and wonderful detail drawn in the interior of Petavius* 
should be confirmed by visual observations or by repeated photographic pictures, it 
will be an evidence of the great value of the photographic results of the Lick 
Observatory to selenography. Then also I trust that the present plastic represen- 
tation of Petavius (the first to be given on so large a scale) will be found to have 
its worth for all time as a true representation of nature. I may remark, in con- 
clusion, that my small Petavius drawing above referred to, which was made with 
the 6-inch telescope of the Prague Observatory, June 18, 1886, agrees well, in all 
important points, with the photograph, although it corresponds to a somewhat 
greater altitude of the Sun. 

L. Weinek. 

Prague^ 1891, December 19. 



*It should be remarked that the narrow rills in the southern interior, on W, have a width of 
about 0.1 w;;/., and that the originals on the negative are therefore about 0.005 mm. 




VBNDELINUS 



DRAWING BY PR0FE5S0RLWE1NKK, ENLARGED TWEHTi'-FQLD 
M THE NEQATIVE tAKEaJ AT THE UCR OHaBraffllORY CN JiUGUST M.1890 



DRAWING OF VENDELINUS.' 



(See the heliogravure plate facing this page.) 



This drawing, like those of Petavius and Langremis, was enlarged 20-fold from 
an admirable dia-poskive corresponding to the Mount Hamilton negative of 1890, 
August 31, 14'' 27", P. S. T., employing for the enlargement a glass reticle ruled in 
squares of a millimeter on the side. As the fields including Vendelinus and 
Langrenus are adjacent to each other on the Moon, the two drawings were so 
made as to accurately join each other and to make, thus juxtaposed, a single rep- 
resentation of the two craters 12 cm. wide and 36 cm. high. In order to effect this 
junction of the two drawings, the glass reticle was not removed from the dia-posilive 
until the contours for both the craters were laid down. It is to be regretted that 
it was not practicable to print the heliogravures representing the two drawings as 
one plate. 

The time spent on the drawing of Vendelinus alone was 122.0 hours. The 
drawing is full of manifold and delicate detail, and the heliogravure (made by 
the k. u. k. Miiitar-geographisches Institut in Wien) reproduces this detail very 
successfully. I may mention, also, that I have drawn this same crater on a smaller 
scale with the 6-inch refractor of the Prague Observatory on September 30, 1890 
(in i^ hours, see Prager Astronomische BeobaclUungen^ 1S8S-1891), and that this 
drawing agrees excellently throughout with the photograph in its character, aiid 
in its contour in general. The same cannot be said of several recent drawings of 
the same object, which have lately been published in Germany and England. 

The comparison of my 20-fold drawing has been made especially with 
Schmidt's Atlas, Section X, and with a second Mount Hamilton photograph, taken 
on the same night, two minutes earlier, at 14'' 25'". The latter plate is inferior to 
the plate at 14'' 27"', especially in respect to the fineness of the grain of the film. 
Comparisons have also been made with the drawing of Vendelinus by Elger on 
December 17, 1891 (see English Mechanic, January 15, iSga, and .Memoirs of the 
British Astronomical Association^ vol. II, part II); with the contour-sketch of the 
northern interior parts of this crater by Maw, based on all his observations of 1892 

HOLDEN. It was uecessary to send this translation to the printer 
by Professor Weinbk. 



* Translated by Edward 
before it had received a final 
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{op. cit. vol. II, part II), and on the latest drawing of Krieger, made on August 
i8, 1893. The nomenclature of the separate objects has been chosen from Schmidt. 

1. According to the photograph, there is in the west wall a well-marked angle 
(corner), in the east wall an obvious notch (cut). If these two objects are joined 
together, and if we also join the centers of the ring-plains A (to the north) and B 
(to the south) by a second line, it will be found that the angle of the lines toward 
the southwest is obtuse, whereas Schmidt represents it as acute. He has also 
placed the western corner too far to the south, and the eastern notch too far to the 
north. Schmidt's drawing of the southwest wall makes it too narrow and character- 
less, and the most northerly parts of the interior, where they merge into the outer 
plateau, are also too narrow. This depends upon the fact that Schmidt has located 
the ring-plain A, as a whole, too far to the west. Its west wall should be the 
curved continuation of the east wall of the main crater. On the other hand, the 
form as given by Schmidt is very nearly correct, which is not the case for Elger 
and Krieger. On the northwest wall of Vendclinus He two large oval, basin-like, 
formations, which have been called "landslips" by several selenographers. This 
designation does not appear to be a felicitous one, and it can under no circum- 
stances be applied to the northern formation, which has a decided crateriform 
character. The photograph shows that both of them appertain to the base of the 
wall, and that they are connected together, while ScHMlDT so represents them that 
one might regard them as separate. The well-known characteristic shadow of the 
east wall, which portrays the form of a human profile turned to the east, the eye 
being formed by the crater E, is very well shown in the photograph. The line 
joining the notch in the east wall with the under-lip of the profile corresponds to 
the direction in which the Sun's rays lie. 

2. According to the photograph the interior of the crater is slightly convex, 
and nowhere a completely plane surface. Several low elevations project above 
it. The most marked of these lie on the western border, in a north and south 
direction; and, again, east of crater E, first in a northwesterly and then in a 
northerly direction. These are not given by Schmidt and Elger. The well- 
marked crater in tlie northern iuterior is called /( by ScHMIDT. It appears to have, 
in the south, a westerly sinking of its wall, which has not been previously remarked. 

The southern larger crater, E, is drawn b^- Elger with a short elevation 
attached to its north wall. According to the photograph there should be here an 
opening in the wall, and a rill-like high valley which stretches toward the north. 
The crater west of E is not to be seen in the photograph, because it is covered by 
the shadow of E, but the neighboring crater to the northwest is visible. 

3. Serious criticisms of this drawing of Vendelinus, based on the fact that it 
does not show certain obvious craters in the interior at all, have been made, and 
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the entirely erroneous conclusion has been drawn, based on this lack, that the tiner 
detail which is shown cannot be considered as real. Let us consider this matter 
a little more closely. In the chapter on Langrenus^ I have given a convincing 
example of the fact that a photographic plate, otherwise satisfactory, may have 
received such an exposure-time as to fail to show the crater-character even of large 
and conspicuous objects. In such cases the background of the object, its brightness, 
its color, etc., play an important role. In most cases, however, even when the expos- 
ure is very far from being the suitable one for the purpose of showing such craters, 
the crater is still depicted on the negative, frequently as a mere faint outline, which 
is easily overlooked in a careless inspection, or if the observer has little practice 
in such examinations. These remarks apply exactly to the cases of small craters 
in the interior of Vendelmus on the negative employed. The exposure of this 
negative is very suitable for depicting many, indeed most, features; but it happens 
to be unsuitable for the small craters in question, and for some other objects of 
like kind similarly illuminated. Yet a careful examination of the photograph will 
bring to light almost every one of the small craters in the interior of Vendelinus; 
and from such an examination it will at once be shown how materially the visual 
observers of these objects — Schmidt, Elger, Krieger, and Maw — differ in the 
positions which they have assigned to them. 

Northeasterly from K, about half the distance from E to the east wall, Elger 
has drawn two small craters near together, the line joining them being parallel to 
the north wall of B. Schmidt la3's them down still nearer to the east wall. The 
photograph plainly shows these two craters to be at the ends of the two rills east 
of the north wall of E. The places of these knots in the rills agree well with 
Elger'S observation. The photograph also shows, to the south, a crater-like 
depression, whose character as such is con6rmed by the fine rills which there 
debouch. According to Maw, the crater k has connected to it, toward the east, a 
forked elevation, with one branch toward the northeast, the other toward the 
southeast. The first branch has two craters (/ and «), the second, three {x, w, y). 
The photograph shows / and h, and especially /, very plainly, and fully confirms 
Maw's observation of the low-forked elevation, x and y are also to be found on 
the photograph. The former is particularly plain on the plate taken at 14" 25"". 
Schmidt lays down the craters /, «, x plainly, but gives no elevated area in this 
place. The same may be said of Elger and Krieger. Krieger does not give 
the craters / and », but includes a crater farther to the north, which Maw calls s. 
According to both observers there is a rill which extends to the north from s. 
Elger has only a single crater east of //, which, to judge from its position, may be 
/. If this identification is correct, it is too far to the south. West of h Schmidt 
and Krieger have two craters, ElgER but one, and Maw also but one (^), which 
latter is much more distant than Elger'S. The photograph gives two craters, near 
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to the northwest wall. The crater drawn by ElGER south of the east wall of h is 
to be found on the photograph also; and the photograph indicates also another 
small crater between the last named and h. 

What precedes may suffice to show that visual observations like the foregoing 
require to be made with much greater care before they will serve as a basis for the 
conclusion that the results of photography are not to be trusted. The reverse 
process is more nearly the correct one. The subjective impressions of the observer 
at the telescope frequently require to be rectified by the objective testimony of the 
sensitive plate (where, naturally, several negatives of different exposure-times are 
needed). 

4. In the interior of VeitdeUnus Schmidt has drawn no rills; but on the north 
border he has a crater-rill, near to and parallel with the northwest wall of the ring- 
plain A, which debouches in the riug-plain e. Schmidt's description of this is as 
follows: " 1851, February 17 (Bonn). West and northwest of Vendelinus, A, I drew 
a well-marked rill, which I later resolved, with the Athens refractor, into a series 
of craters." Its course and its crateriform character are easily made out on the 
photograph. ElgER shows this rill connected with the north border of the crater 
^ by a shallow rill; whereas Schmidt draws in this place an elevation lying north 
and south. The photograph seems to show here a rill-valley, lying between low 
hills, which is, however, not so regular and straight as ElgEr'S drawing. West 
of Schmidt's crater-rill, Elger has another well-marked rill. Its course, which is 
directed toward a larger crater, is very plain on the photograph; and the latter 
shows it to possess, also, a sharply-marked branch to the east, which runs parallel 
to the crater-rill of Schmidt, just referred to. Between the latter and the branch 
just described there lies an obvious crater, which Elger has not seen. It is on 
both of the Lick plates. 

5. In the northwestern and northern interior KriegeR discovered two rills on 
June 26, 1891. One of these was independently discovered by Maw on October 
7, 1892, and is described above in paragraph 3. The latter rill lies, in the photo- 
gfraph, within the shadow of the northeast wall, and is therefore not visible. The 
northern portion of the other is, however, shown in the photograph southwest of 
the crater A, where it passes toward the south from the southernmost one of 
the two small craters previously described. There appears, however, near this 
southernmost crater, to be a branch bending off in the direction of the crater h: 
and in the immediate vicinity, to the east, still another fine companion-rill, which 
is also directed toward h. 

6. The photograph shows several other rill-formations in the interior, which 
are in part of great interest. The most important is a large oval formation with , 
ruptured walls, which incloses the corner of the mouth of the shadow of the east 
wall, and which lies in the eastern central parts of the interior. Its principal out- 
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lines are also visible on the Mount Hamilton plate of 14" 25"". I may mention 
others, as follows: The rills east and northeast of the crater E, which run nearly 
at right angles with the direction of the Sun's rays ; the rill at the interior western 
border, whose southern branch cuts through the elevation there situated; the 
northern branch of the same rill divides again and extends still further north- 
easterly (resembling a low elevation in appearauce) till it reaches the oval rill- 
furmation described above. Northwest of the northern branch lies a fine rill at 
the distance of the north and south diameter of h, which seems to lead to a small 
crater; and at about double this distance is still another rill, running at right 
angles with the direction of the Sun's rays, which traverses the west wall, the 
west corner of the interior, and the northwest wall of Vendelivus. 

7, North of the crater E the valley formation above described continues to a 
small oval figure, with its longer axis in the meridian, which has an obviously 
convex interior surface, and which has triple limiting lines, nearly parallel among 
themselves, on the east side. A short rill is connected with this on the northeast. 
A noteworthy structure lies south of the crater //, at a distance of about two of 
the north and south diameters of that crater. It is a large, long, closed figure, 
with doubled and somewhat symmetric limiting lines, and its true nature is 
problematical. 

8. The surroundings of Vendelinus are rich in detail, but I shall dismiss 
them in a few words. On the east wall, the heliogravure shows, at the same 
distance from the edge as the crater E, a large, very obvious crater, which is laid 
down b}' Schmidt, but not by Elger. The photograph indicates another crater 
formation west of this, and connected with it, which is not so drawn by Schmidt. 
From this latter two fine rills run to the northeast, converging as they go. East 
of the cut in the east wall lies a crater which is at least as large as /r, and is very 
plain on the photograph. To the northeast of this lies a smaller crater, which 
has been seen by Schmidt, but not by Elger. The photograph shows it to be 
traversed by a very long and remarkable rill-valley lying northeast and north, 
with crater-like enlargements; in its northern course it acquires the character 
of an elevated ridge, and lies parallel to the ring-plaiu A. This rill-valley is cut 
by several other rills. Rills are to be found, in fact, in nearly every part of the 
eastern neighborhood of Vendelinus. 

No further verbal description need be given here, but reference is made to 
the heliogravure. This plate and those of Pelavius and Langrenus., together with 
the brief sections which I have written descriptive of the regions including these 
craters, will illustrate the excellence of the Mount Hamilton plate from which 
I have made the drawings. 



Prague^ 1894. 



L. Weinek. 



J 



\ 



( 





kj\ 


Im 






!■■ 


H'^ 




fv 


^K^^ 


i^^^R 


M 




k: 


1 



LANGRENUS 



niwwiso BY 

J-KOM THE MBQAnVK 



I. WEINE>C.BNLAR6Ka rwsiTY-yaiiD 
THE LICK taSCTVATORY ON AUGUST Sl.lflW 



LANGRENUS* 

(See tlie heliogravure plate facing this page.) 



My 20-fold enlarged drawing of Langrenus was made in 127^" hours from a 
beautiful contact positive (I) on glass from the negative taken with the 36-inch 
telescope on August 31, 1S90, at 14" 27"", P. S- T. I have also a second positive 
(II) corresponding to an exposnre-time about 2"' earlier, which is, however (as 
remarked in the Prague Asironomical Observations, vol. 1S88-1891, page 75), too 
dark in tone and too coarse in grain to be used with advantage in verifying the 
finer details of I. . - ■ ' 

I take this occasion to controvert the frequently expressed opinion that two 
photographic plates taken with the same exposure-time, and within a few minutes 
of each other, must necessarily exhibit the same fine details throughout. In 
general, they will not do so, {a) because the steadiness of the' atmosphere varies 
from plate to plate; {b') because the sensitiveness of the films of commercial dry 
plates varies from plate to plate; (c) because in the development or the intensifica- 
tion of the photographic image (during exposure) there are moments of varying 
definition; and finally ((/) because in copying the original negatives on different 
plates variations in the illumination, exposure-time, films, etc., ai"e likely to 
occur.t A striking example of this is the following: My drawing of Langrenus 
shows in the middle of the upper margin of the picture a large crater, to the i-ight 
(east) of which is a smaller one. This latter appears on I completely clear and 
sharp, whereas on II it is so indefinite that one would hardly take it for a crater- 
like object, unless its character were known beforehand. It is obvious, moreover, 
that even in the representation of very small craters the correct exposure-time 
plays a very important role. Where the exposnre-time is not the right one the 
object will be flat; the shadows of the crater will lose in depth of shade, and the 
bright wall will also be darkened. The contrast is thus diminished and the cra- 
teriform character may be completely lost. 

• Translated by Kdwakd S. Holdhn. 

t Most of the positive glass copies which have been sent to the Observatory of Prag:ue from 
Mouut Hamilton have been copied by contact. To avoid the errors which arise from imperfect 
contact, it is, I think, better to make such copies by means of a photographic lens and a camera. 
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In passing, it may be remarked that the crater to which I have referred is 
placed by ScHMlDT too far to the north, and is too small (nearly) by half. The 
following comparison of the drawing of Langrenus (which relates only to the 
more important features, however), refers to Schmidt's large Moon-map of about 
2 meters diameter. Langrenus is given at the southern border of Schmidt's 
Section XI. 

1. The system of rill-like objects in the southern interior portions of Lan- 
£Tenus is very noteworthy. Although they do not show separate walls, definitely 
illuminated, yet they agree well with the lunar surface and He at right angles to 
the direction of the Sun's rays, and are therefore to be regarded as real objects. 
The most easterly part of the rill system which there avoids an elevation by a 
marked curvature can be perfectly well recognized on II. 

2. In the interior, northwest of the central peaks, is a well-marked rill-valley, 
with crater-like branches and with bright walls on the side facing the Sun. The 
middle portion of this is also on II. 

3. At the southwest end of the central peaks the photograph shows a large 
crateriform object, which is not represented in this way by Schmidt, who lays down 
two parallel ridges here. 

This crater was seen by C. M. Gaudibert, in Vaisou (Vaucluse), on August 
29, 1893, with his reflecting telescope of o"'.26 aperture, who remarks as follows: 

"On August 29, 1893, la"" 45™ to i'' 40'" a. m., I was observing Langrenus for 
the purpose of obtaining a view of the clefts shown by Mr. Weinek on his beauti- 
ful drawing of this formation. I found that the Sun was still too high on that 
horizon to show those clefts; but the numerous cuttings along the inside of the 
southwest terrace, and the numerous ridges covering the south portion of the 
floor, made it very likely that under a lower Sun, when these ridges would cast 
their shadows, the scenery must be very much like the drawing of Mr. Weinek. 
While I was looking carefully at the central mountain, I saw for the first time a 
crater on the southwest extremity of the top, and at once was impressed with the 
idea that this crater is easier than the one on the central mountain of Capella. 
Now, this crater had been discovered by Mr. Weinek while enlarging the ring- 
plain Langrenus, and he had made known the fact in Sin'its." — English Mecltanic 
and World of Science, 1893, Dec. i. 

4. At the lowest margin of the picture, northwest of Langrenus., C, the photo- 
graph shows likewise a large crater, which is not given by Schmidt. 

5. In this region, north of Langrenus, there is very much which is but poorly 
represented in Schmidt's map. For instance, Langrenus, x and B, do not He in the 
direction of the east wall of Langrenus., but at least the width of x east of it; and 
the position of these craters, i. c, x and B, is too far north in Schmidt. On the 
other hand, C is represented too far south relatively to x and B. 
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The position of this crater in Maedler'S map is still more faulty. Other large 
errors of drawing are to be found in the relation of different sections of the wall of 
Langremis to the central peaks. 

In this respect it will be seen that alignments on Schmidt's map will not 
always suffice even to identify the various features; and that the identification 
must be based upon objects whose form is so characteristic as to admit of no mis- 
take. For instance, there is a long crater-valley westward from :f, which is easily 
seen on the photograph. This leads toward the south to a bright eminence, this 
to the east wall of Lattgretms, which extends southward in an undulating line, 
convex to the east, and there forms a peculiar notch, which we will call e. Schmidt 
shows a large crater east of this notch. Opposite to e, on the west wall of Lan- 
grenus, in about the same selenographic latitude, there is a cross-wall bending away 
(let us call it q), which is likewise plainly shown by Schmidt. If we join c and q^ 
this line on the photograph goes nearly through the middle of the central peaks; 
whereas in Schmidt their whole mass lies to the south of eq. 

6, The crater east of e is not clearly shown as such on the photograph, although 
farther to the east there is the fork-like division of the crests. Both branches of this 
fork on Schmidt's map lead to the south, each to a large crater (call the western 
one a, the eastern 6')\ these craters are likewise barely indicated on the photograph. 
It is most probable that their eastern walls are not very steep toward the interior, 
and that they would be better seen with an even lower altitude of the Sun; or else 
the exposure-time was not such as to bring out their true character. At the origin 
of the fork the photograph shows crateriform objects on both prongs, which are not 
given in Schmidt. In these regions east of Langrcnus^ between e and its south 
end, Schmidt gives a ver>' great number of very small craters, arranged like a 
string of pearls, one following another. This arrangement (in the map) is too 
regular as to the size and the situation of the craters to be regarded as a true 
representation. The photograph shows no separate small craters ; but their 
situation is very well marked by long valleys. 

7. On the other hand, the photograph shows other very small craters with the 
greatest clearness; in particular, a very minute one on the middle of the west 
wall of Laiigrenus (lyiug in the shadow of an elevation), which has a diameter of 
only I mm. on the 20-fold enlargement, and therefore a real diameter of but 0.17 
geographical mile. Similarly a very minute, well-defined crater, with its west wall 
illuminated, lies on the south wall of the crater a, before mentioned, and can be 
recognized, though unsatisfactorily, on II. On the other hand, the positive (I), 
when viewed by transmitted diffused light, shews on the north wall of a: a specially 
clear, small crater, which I do not think is to be regarded as real (on account of 
its relatively great sharpness of outline), but which I have, nevertheless, included 
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in my drawing, which is intended to represent cverylhing seen in the photographic 
plate. The conclusion that this object is in fact an error of the plate (a fine bubble 
in the surface of the glass having only 0.03 >nm. diameter) is proved to be correct: 
Jirsl, by viewing the plate by means of an intense light ivitkout dispersion, moving 
the source of light sidewise; and second^ by viewing it by means of a beam of 
oblique rays allowed to fall on the plate from the front side, while the plate is 
viewed in two positions differing 180*^. Such tests would have been much easier to 
apply if the original negative from which I was made had been accessible to me. 

8. To the south of x toward ^, Schmidt has laid down a small crater, which 
is well marked on the photograph. Northwest of this the photograph shows a 
similar and slightly smaller crateriforni object, which is not given by Schmidt. 

Also, there appear to be two crater depressions, near together, on the inner 
northwest wall of Langrcnus^ which are missing in Schmidt's map. 

The above remarks relate (only) to the most important of the details, which 
are shown by the photograph. 

The accompanying heliogravure shows how rich this detail is. 

The most interesting objects of those not previously known are the rill-like 
rifts. That they are real features of the surface is shown by the fact that they 
lie in geueral perpendicularly to the direction of the Sun's rays. This peculiarity 
has been observed ou all the plates from which I have made drawings, and remains 
unchanged, no matter how the artificial illumination of the plates is varied, and 
no matter liow the plate is oriented with respect to the vertical. 

Even if these finest details of the plate are left out of consideration altogether 
(since in the most delicate details of photographs there must always remain room 
for some differences of interpretation, just as iu visual observation the very finest 
details on the border of visibility are always more or less doubtful) — even if these 
be altogether disregarded, the drawing from the photographic plate reproduces the 
lunar surface iu the neighborhood of Langrenus iu a manner incomparably more 
true than does any existing lunar chart. 
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DRAWING OF COPERNICUS* 

(See the belic^avnre plate facing this page, and also the index-map.) 



When I received from the Lick Observatory an extremely fine dia-posiiive of 
the Moon copied from a focal-negative made at Mount Hamilton, 1891, July 28, at 
'S** 49" i6*, P. S. T., it became possible for me to carry out a desire of long stand- 
ing, namely, to make a true representation of the splendid ring-plain Copernicus. 
When I commenced the drawing, which is represented in the accompanying helio- 
gravure in a 20-fold enlargement (14x14 cm. in size) from the original, the first 
glance showed me that the labor would be long and arduous on account of the 
immense number of details to be studied and adequately represented. I estimated 
at the beginning that some 200 hours of work would be required for the drawing 
which I had undertaken. My estimate was still too small, as in fact 224^ hours 
have been spent on this plate. In order to make the enlarged drawing as com- 
plete as possible, I employed the method described in the Prager Astronomischen 
Beobachtungen of 1888-1891 (page 51), using a reticle of plane-parallel glass, ruled 
in small squares of % mm. on the side, laid over the dia-posilive, while the plate 
was examined as a transparency. The corresponding squares of the enlarged 
drawing on paper were 10 mm. on a side, and the first process was to lay down 
the outlines of the figure accurately within these squares, and to put in the 
principal shadows of the manifold details with pencil. This work alone required 
44j^ hours. After this preliminary work was finished, the glass reticle was 
removed, and the various portions of the image .were finished, step by step, by the 
brush and India ink. This second process required no less than i8oJ4 hours of 
work, so that the completed drawing represents the labor of 224^ hours on 141 
separate days, between January 4, 1893, and January' 15, 1S94. 

Although the interpretation of the finest details (whose images are more or 
less influenced by the disturbing effect of the grains of the emulsion-plate which 
w^s employed) is in many cases quite difficult, I believe that the very long time 
spent in my study of this fine dia-posilive, under many different illuminations, has 
resulted in making the completed drawing very accurate in its general effect and 

* Translated by Edward S. Holden. 
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in its minor detail. Whatever errors it may still contain — and I believe they are 
very few indeed — are obviously not to be found out by a casual inspection, but 
will demand for their detection a labor at least comparable with my own. And 
the same remark applies to all the drawings given in this book. 

I do not doubt that the original negative, preserved at the Lick Observatory, 
would have been even more suitable for my work than the dia-posilive actually 
employed. The heliogravure reproduction of my drawing was made bj* the k. u. k. 
AfilUar-geographischcs Instiiut in Vienna, and is a masterly piece of work; although 
it must be noted that somewhat of the softest detail is lost, and that the left hand 
upper comer of the plate is somewhat too light in tone. In order to facilitate the 
description of the detail of this plate, the heliogravure is accompanied by an 
index plate on the same scale, coutainiug the lines of my original enlarged reticle. 
The horizontal intervals of the reticle are marked with letters, and the vertical 
intervals with numbers, so that the description of the different parts of the plate 
can be made by rectilinear coordinates, as on a chess-board. 

A first glance at the rich and 'extremely complex structure of the image 
makes it obvious that no artist's drawing at the telescope after nature can ever 
produce an entirely satisfactory representation of so complicated an object as this 
crater. The artist at the telescope requires more and more time to represent a 
lunar landscape the more complicated the landscape is. While his work is going 
on the shadows are progressively changing, and with the change of shadows the 
whole aspect of the region alters. There is therefore no resource remaining for 
him but to base his representation upon several rapid drawing.s or sketches secured 
on various evenings. This necessity, combined with the lack of artistic skill too 
often noticeable in the work of observers of the Moon, is sufficient to account for 
the serious errors which often remain in the representations of lunar landscapes. 
Photography, on the other hand, builds up the whole image in a few seconds with 
entire accuracy. A fully objective representation, corresponding exactly with the 
lunar surface, would be obtained were it not that many separate objects of the 
same region require different exposure-times. On this account only portions of 
the image of any one negative are correctly depicted; the others are either over- 
or under-exposed, and show variations in visibility, which are sometimes taken, 
by those who have not reflected on such matters, to be defects inherent in the 
photographic method; whereas they are rather consequences of the extreme 
sensibility of the photographs to the smallest variations in the color and in the 
light of the object depicted. 

If several negatives of the same landscape are taken, one after another, and if 
the exposure-times are somewhat varied, a series of images is obtained, which, 
taken together, show the landscape far better than it can be depicted by any artist 
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copying it directly after nature. Among the published drawings of this ring-plain 
by LoHRMANN, Maedler, Schmidt, Neison, and Secchi, that of Schmidt agrees 
much the best with the photographs, although even this drawing is susceptible of 
many improvements. 

Schmidt's remarks upon Copernicus, and upon the drawings of Lohrmann 
and Maedler, are as follows (see Charte der Gebirge des Mondes, Berlin, 1878): 

" 1851, February 10. The principal wall is, on the whole, very nearly circular, 
and the variations from this form lie chiefly in the east wall. Maedler has much 
distorted this magnificent crater in his map. Lohrmann has drawn it somewhat 
better. My own representation is also not satisfactory, since it is too uniform, and 
the fore-shortening is not sufficiently attended to." 

It is to be noted, however, that Lohrmann has depicted the three central 
mountains fully in agreement with the photographs, and the westernmost of these 
is better drawn by him than by Schmidt. 

Secchi's drawing (in Le SoleU, part II, page 403, Paris, 1877; also, in Jfemoin 
R. A. S., vol. 32, plate VIII) is too conventional a representation to have much 
weight. Neison's special map of Copernuns in his Moon atlas is defective in 
several respects. Various careful drawings of Copernicus have been made by the 
skillful French selenographer, C. M. Gaudibert, of which that of 1890, June 27, 
may be considered as one of the most successful, and of great value, as is to be 
expected of the work of this observer. 

In order to compare these different drawings with the photographic represen- 
tations in as thorough a manner as possible, I have employed not only the dia- 
positive before mentioned, but also six negatives, which have been presented to 
the Observatory of Prague by the Lick Observatory. The following little table 
gives the nomenclature employed in the discussion. The words ante and post in 
the fourth column mean before and after full Moon. The last column gives the 
approximate altitude of the Sun as seen from Copernicus. 




No. 


Plate. 


Date. 


Age. 


Situation of the Terminator. 


Altitude of 
the Sun. 


I. 

II. 
III. 
IV. 

V. 
VI. 

vn. 


Dia-positive 
Negative. . 
Negative. . 
Negative. . 
Negative. . 
Negative. . 
Negative . . 


I89i,julya8,i5 49 16 . . 
iSgi.JulyaS, 1451 5.5 . . 
i89i,Oct. 12, 7299 - . ■ 

1891, Oct. 12, 7 3054.5 ■ 
1893. July 23, 8 2753.2 . 
189a, Nov.io, 145431 . . 

1892, Nov.io, 155341 . . 


post 
post 
aute 
ante 
ante 
post 
post 


Through Stadius and Pitatus . 
Through Stadius and Pitatus 

At Agatharchides 

At Agatharchides 

hXEncke 

On the west wall of Albategnius . 
On the west wall of Albategnius . 


6* 
6" 
12° 

17° 
26- 
26" 



In order to effect a convenient and exact comparison between my 2ofold 
drawing and the other drawings above named, I have made, with the assistance of 
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Dr. Spitaler, a 24-folfi enlarged dia-posiiive from each of the negatives II-VII, 
and have examined these positives, which completely represent their originals, as 
transparencies. 

It is to be remarked that II is not of much value for the finer detail, since it is 
considerably fogged, while, on the other hand, VI and VII show Copernicus too far 
from the terminator, and for that reason it is much over-exposed. This does not 
prevent certain darkly shaded objects near Copernicus from being rightly exposed. 
Nos. Ill and IV are the best plates. 

Let us now proceed to the discussion of the Copernicus heliogravure, which- we 
may treat in three sections: (i) The interior floor of the crater; (2) the inner 
walls; and (3) the outer walls and their surroundings. 

The orientation of the plate rests on the following considerations: To the 
south of Copernicus lies the well-known double crater, whose northern component 
is called A. I shall call it A (Cop.). It is drawn on Section VI of Schmidt's map, 
and is to be found in my drawing in the square (F,-i). North of Copernicus, 
Schmidt has drawn on his Section V a prominent crater, marked A, which is 
connected with Gay-Lussac on the south, and which I shall call, for shortness, 
A i^Gay). It lies in my drawing symmetrically on the line which divides the 
squares K, 15, and K, 16. If we join the center of A {Cop^ with the center of 
A {Gay), this line passes in Schmidt's map through the eastern half of Copernicus 
(distant about one-sixth of the crater's diameter from its middle point), while on 
all the photographs, I to VII, it passes close to the center of Copernicits, and a very 
little east of it. 

According to Schmidt, the meridian through the center of Copernicus makes 
an angle of g" with this line, so that its direction lies west of A {Cop.) and east 
of A (Gay). The center of Cojvmicus corresponds accurately with the middle 
point of the net-work of squares. In the drawing, the meridian line joins the 
intersection of D and E with the upper edge of the picture to the intersection 
between K and L at the lower edge, and makes an angle of 2^)4° with the middle 
vertical line of the reticle, very approximately. 




The Inner Crater Floor. 

Schmidt speaks of it thus : " 1846, July 3, at Bonn, with the 5-foot refractor, I 
saw in the interior area of Copernicus 24 hills, including the central mountains;" 
and again, "1853, May 17, I drew a part of the ring-wall of Copernicus with the 
Berlin refractor. The interior area is by uo means a plane surface." The last 
remark is fully confirmed by the photographs. There are three central peaks. 
The eastern one lies in H, 7, and I have called it a; the western in G, 
have called it d; for clearness in the description. The middlemost peak between 
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a and b is the lowest. Schmidt draws ^ as a rounded conical mountain, whereas it 
has in fact a more nearly triangular cross-section, and it stretches farther to the 
south than he has drawn it. Lohrmann's representation of these three peaks 
agrees well with the photographs. 

1. According to I, the peak a seems to have three to four small craters on its 
southern crest, of which the heliogravure (H) shows only two. At its south- 
easterly foot (in the right hand upper corner of G, 7) lies a rill-center, or crossing 
point, from which two rills can be traced toward the crest of a. The most western 
rill is still further prolonged on the other side of the mountain, through the 
southern part of tlie middle hill, and it appears to pass through two small crater 
formations. Plate III confirms the ahove description concerning the western rill. 

2. On March 30, i8go, M. Gaudibert discovered a small crater on the northern 
border of peak b. According to a sketch of June 27, 1890, which he kindly sent 
me, this crater lies in the western part of the northern border. It appears to be 
identical with the small dark object to be seen in the left hand lower half of G, 8, 
from which a kind of rill, or crack, extends toward the south in the mountain. 
Gaudibert's drawing also contained this rill. Gaudibert's crater, just described, 
is to be seen on III and IV; on III, with a shadow to the west in its interior; on 
IV, as a circular outline. The cleft extending to the south is visible on both 
plates. Plate IV also shows a rill extending from this crater toward the north- 
west as a continuation of the southern rill, another toward the northeast, and 
still another short rill toward the southeast. Plate IV shows the crater to be 
1.27 km. in diameter, which agrees very well with the sketch of Gaudibert. 
Gaudibert has drawn this peak, b, as a nearly isosceles triangle, whose base is the 
north border, of which we have spoken, which lies in the direction east-west, and 
which is shorter than either of the other legs of the triangle. All the photographs 
confirm this description in a general way. Some of them show very plainly, how- 
ever, that the northern part of this mountain is a decided cone, whose slope 

r seems to be terraced. These rounded terrace lines are well seen on I. Ill, on the 
' other hand, shows the somewhat oval base line of the cone most satisfactorily. 
On the western slopes there is a small crater (on I), from which the rill before 
mentioned extends to Gaudibert's crater. From the small crater (on I) there is 
yet another rill-like trace extending toward the west to the wall of Copernicus. 
This is not shown on H; it is very well seen on II; not so well on III. Still a 
third rill extends toward the south from this crater, and according to 11, another 
toward the east. It appears that this crater was a center of active forces. Upon 
the summit of b, I shows a small crater (not obvious on H, somewhat to the left 
and above the middle of the square G, 8), which has a narrow rill extending to 
the southeast. II, III, IV, and V also show this crater, which is best seen on IV. 
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Although the interpretation of an object so small as this, which has a diam- 
eter not over 0.7 km. (though this diameter is still some ten times larger than the 
grain of the plate), is beset with some uncertainty, it is yet extremely probable 
that the mountain 6 has a summit-crater, and for that reason it is desirable that 
this point should be examined optically with a large telescope. The photographs 
also seem to indicate the presence of two or three lateral craters also. 

3. From the southern part of the mountain b, there is (according to I) a low, 
broad, elevation, extending toward the southeast throughout the entire southern 
interior of Copernicus. This lies on the left hand borders of the squares G, 7, 
and G, 6. Lohrmann has drawn its more northerly part. 

4. A distinct rill-formation extends (according to I) from the inner southwest 
wall of Copernicus, passing, in F, 7, almost north and south, directly to the peak b. 
On II this rill is seen still further on the eastern border of the peak, up to the 
dark area in the lower central part of the square H, S, On the plates taken in the 
first half of the lunation this long rill is still to be seen, though with difficulty, 

5. The well-marked crater north of the peak a in H, 8, with a very small 
crater in its center, is of especial interest. The diameter of the principal crater 
is 2.2 km. Several fine rills have their terminations within this crater. On its 
southwest border there appear to be one or two extremely small craters. Plate 
III shows this crater almost as well as I, although the illumination is directly 
opposite in the two plates. It appears on III as a round, sharply limited, dark 
object, in the right position and of the appropriate magnitude. In III there is 
shown, without doubt, a small crater on the southwest border. Plate II shows also 
the larger crater with considerable certainty. East of this last mentioned crater, 
I displays a somewhat smaller crater-pit, and to the southeast (in the right hand 
upper comer of H, S) there appears to be still another similar, though larger, 
crater-pit. To the west there is a short, very sharply marked rill, with its west 
wall bright. In the western and northern neighborhood of this rill there are five 
very minute craters, with diameters of about 0.5 to 0.6 km. 

6. In the right hand upper corner of G, 10, on the north border of the interior 
of Copernicus, there is a crater somewhat larger than those just named. Schmidt 
gives this object, as does Neison also, and it is especially plain in the special chart 
of the latter observer. 

N. B. — It is to be remarked here that there is a sharp, dark, point in the 
heliogravure, north of the object just described, and at a distance of one of its 
diameters. This is a defect in the heliogravure, and not a feature of the Moon. 

7. A crater of the same order as the two last named appears to be situated on 
the northwest border of the interior in F, g, according to I; but it is barely visible 
in the heliogravure. 
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8. In tlie upper ceutral part of H, 10, there is a very small crater, with a 
similar one lying somewhat to the north of it. The latter is barely indicated 
on the heliogravure. The two are, in all probability, identical with two craters 
observed by Gaudibert, in this place, on June 27, 1S90. Similar small craters, 
down to a diameter of 0.38 km., are to be seen in G, 6; H, 6; F, 7; G, 7; H, 7; 
J, 7 (in this square is one on the border of the shadow, which is not plainly shown 
in the heliogravure); in F, 8; H, 8 (already mentioned); in J, 8; G, g; J, 9 (in this 
square there is a group of three craters in the right hand central part of the 
shadow of the wall, which is not easy to see in the heliogravure); in H, 10 (already 
mentioned); and, generally, such craters are to be found in nearly every square, 

g. Rill-formations are to be seen, especially in H, 6; F, 7 (already mentioned); 
F, 8; F, 9; G, 9 (in the form of a cross of St. Andrew); G, 10. In J, 8. the 
long trace there seen is probably the shadow of a very low elevation. On the 
other hand, there is here to be found on the right-hand edge of the square in the 
shadow of the wall, a very striking rill (or cleft), with well-marked, bright, western 
walls. 

The Interior Wai.i,. 

10. On the interior west wall there is a crater, which is very easily seen in 
the telescope, and which Schmidt characterized as follows on August 21, 1866, as 
he was observing with the 6-foot refractor at Athens : "On the interior west terrace 
of Copernicus there lies a very well-marked small crater at the eastern foot of the 
high wall, which is at least 1200 toise lower than the summit of this wall," This 
crater is barely indicated in E, 8, owing to over-exposure of the very bright wall, 
but its outline is pretty well shown on plate II. There is no doubt that a suitable 
exposure would bring this crater out with all desired sharpness. Plate IV shows 
connected to it toward the north a very plain, large, round formation, 3.4 km. in 
diameter, with bright wall outlines, and with a floor which appears somewhat 
convex. In its center is a very small crater, which is, no doubt, identical with 
the very small crater in the lower middle part of E, 8. Plate V also shows the 
last-named object. 

11. Upon the inner north wall ScHMlDT lays down a rill, which he discovered 
March 27, 1S55, at Rome with the 14-foot refractor of the Observatory of the Collegia 
Romano, and which he verified July 6, 1862, at Athens. Neison doubts its rill 
character. This rill is plainly visible in J, 10, and it lies nearly in the meridian. 
Plate I seems also to indicate several branches to this rill. 

12. At the northern end, in the lower central part of J, 10, there is a large 
crater-formation ; and another west of the rill in the right hand middle part of 
H, 10; as well as a smaller crater on the right hand upper margin of H, 11. 



88 PUBLICATIONS OF THE LICK OBSERVATORY. 

13. Other wall-rills are to be found, especially iu F, 10, and G, 10; in E, 10, 
where the rill cuts through the crest; in E, 7, where the course of the rill is 
toward the right hand lower corner, where it pierces a large oval formation, which 
looks like a low conical mountain; in F, 5, and G, 4, where the crest is prominently 
intersected; in K, 5 (at the crest with a small crater); iu J, 6, on the bright 
terrace, and in J, 7, in the shadow, east of the small crater there situated. 

14. Small wall-craters are likewise abundant, particularly on the south and 
southeast wall. In the latter situation they are especially well marked in H, 5, 
J, 5, and J, 6. 

15. On the southern crest, in the upper margin of F, 5, there is seen a large, 
round object, with two outer rings and one inner ring, which appears to be the 
connection of a conical formation with a central crater. This can be made out on 
II, III, IV, also. The last two plates confirm the impression from plate I, although 
the object is quite dark on the former plates. Ill and IV show various rills which 
stream from the center. One of these, which runs toward the northeast, is vis- 
ible on I, 

16. North of these formations, on the interior walls, lie the so-called dark 
points^ which do not vanish as the Sun's altitude increases, but sometimes first 
become easily visible under such conditions. These were first discovered by 
Schmidt, and have been often observed subsequently by K1.EIN and others. 
Schmidt first speaks of them on January 16, 1851, during his observations with 
the 5-foot refractor of Bonn. On this day he writes: "In the south wall of Coper- 
nicus there are two small dark spots; the eastern one is the larger. The shadow 
had long since vanished," Similar notes were made on the 13th and I4tli of Feb- 
ruary, when he remarks that both areas are dark gray, and on the 15th of Februarj', 
when he mentions having seen three other small areas near the two first discovered. 
These spots are not laid down in Schmidt's cliart. They are to be found, however, 
in Klein's Fuehrer am Slernenkunmei, p. 323, where the two most noteworthy are 
drawn in a small chart of Copernicus, which is a copy of Neison's chart. 

At the same page Klein gives a summary of his observations. The eastern- 
most of the two first-named areas is comparable in magnitude, according to Klein, 
with the inner dimensions of the crater w, which lies outside of Copernicus and 
southwest of it. This crater m will be described in what is to follow, and its 
diameter is at least 3 km. For this reason the frequently-used expression, "dark 
point," can only be appropriately employed to describe its appearance in small tele- 
scopes. So far as can be made out from the small drawing of Klein, the eastern 
spot lies iu the line which joins the center of Copernicus and the west wall of 
A (CtJ/.), while the western spot is about one diameter of A {Cop^ distant from it. 
The middle of the latter spot should coincide, therefore, with the small crater in 
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the right hand lower comer of F, 5, although no dark nimbus is seen in this place. 
The first is to be sought for in the square G, 5. On III, and especially on IV, 
the western dark spot is easily seen. According to IV, which shows this neigh- 
borhood very sharply defined, a small dark crater of i.o km. in diameter lies some- 
what to the south of the middle of the iiimSus. From this crater four well-marked 
rills radiate. The dark crater, which appears to be identical in position and mag- 
nitude with that in F, 5, is surrounded by two concentric circles, of 2.6 hn. and 4.S 
/vH. diameters, respectively. The entire object is, if we may judge by the shadow, 
a low, dark, conical hill, on whose summit is placed the crater of which we have 
just spoken. Plate IV shows to the southeast and east of this crater, particularly 
toward the southeast, about 11 km. distant, eight similar dark craters, whose diame- 
ters range from 0.4 to 1.0 kfn. Through some of these, rills are seen to pass. A 
similar dark crater, of i km. in diameter, is to be found half way up the inner north 
wall o[ Copernicus^ somewhat to the west of Schmidt's rill, yet without a dark nimbus. 
The eastern dark spot is especially well seen on VI. It bears in its center a minute 
crater, 0.4 km. in diameter, with a ring of i.o km. in diameter about it, besides two 
further concentric rings of 3.7 and 6.4 km. The dark nimbus extends beyond these 
latter rings. The eastern spot appears to be larger than the western. According 
to IV and VI the places of the centers of the two .spots are as follows: The western 
lies in the line joining the center of the peak b with the west wall of A (Cop^, 
while the eastern is upon the line joining the center of the peak a with the center 
of A {Cop.). 

The Outer Waix and the Surroundings. 

We must now speak of two well-known dark craters, which are to be found 
in the drawing. The first of these lies to the southwest of Copernicus, somewhat 
less distant than A (Cop.\ and called m; the second lies to the north, near 
A {Gay), and is called n. Both have been drawn and described by Kr,ElN {op. cit., 

PP- 12T,, 324). 

17. The crater m is drawn on Schmidt's map. Section VI, west of A {Cop.), 
and is easily recognized by its darkly shaded nimbus. Schmidt refers to it first on 
February 15, 1851, when he says that he has seen (in Bonn) "to the southwest (of 
Copernicus), in the direction of Gambarl, a bright point surrounded by a dark gray 
nimbus, which itself lies on a gray plain." And again on April 10, 1S73 (in 
Athens), "the gray spot between Copernicxts and Gambart, called m, has a white 
center, which has been previously recognized as a crater." My drawing shows w/, 
undoubtedly, in the right hand lower corner of B, 2, although its crateriform character 
is not entirely indicated on I. Its true place can be recognized partly from the 
mountain chains which lead to this crater, partly from the plates III, IV, and V, 
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iu which the shadows are thrown in the contrary direction, and where the crater 
character is very plainly indicated. They can be readily compared by using the 
negatives of the first quarter with the positives of the last quarter. This device was 
also employed in the drawings of Arzachel. Ill, IV, V show m to be almost equally 
conspicuous with the crater B, southwest of Copernicus^ in the square L, i. Its 
diameter is from 0.5 to 0.7 of that of B. I shows in the neighborhood of m very 
many small craters. The best seen is one to the east, and on the left hand margin 
of C, 2; and two others to the south, near the center of B, 2. From the eastern 
small crater just named, I shows a fine rill extending toward the small dark 
crater on the right hand upper edge of C, 2, from thence turning toward the 
center of D, i (somewhat below the center), and finally reaching toward the 
center of the crater A {Cop?) This rill is unfortunately not shown in the helio- 
gravure. In the western end, where it joins /«, it is identical with the rill drawn 
by Klein. It should here be remarked that (on I) west of the small crater, on the 
right hand upper margin of C, 2, between this and the elevation in the center of 
the same square, there is still another small crater lying iu the course of a rill, 
which is likewise missing in the heliogravure. The whole course of the rill 
between ni and A {Cop.) is especially conspicuous on plate IV. West of m, Klein 
has drawn a terrace line, also in the prolougation of the eastern rill, whose course 
can be traced in B, 2, and B, 3, and which can be followed much farther on the 
(iia-posilive I. According to I and IV another rill extends from m toward the north, 
and, according to IV, yet another toward the south, so that m lies at the junction 
of three or four rills. From the small crater to the east a long crooked rill runs 
through the squares C, 2; C, 3; D, 3, to D, 4, where it debouches in a small crater 
formation. South of m lies iu B, 2, an elevation in the direction west to east, 
whose course can be followed on the dia-positwe I through the center of C, 1 , although 
its latter part is lost in the reproduction. The dark nimbus around m is very 
strongly visible on plates III, IV, V, VI, and VII. 

18. The dark crater n is to be found on Schmidt's map; it is neither made 
prominent (not by any means as prominent as the crater w) nor is it designated by 
its appropriate letter («). ScHMlDT speaks of its situation (1868, July 10), and says a 
strong blackish-gray spot lies north of Copernicus "in the direction toward Gay- 
Lussac^^\ and again on 1S73, April 10, he describes it as "to the south, near Gay- 
Lussacy Klein writes {op. cil.^ p. 324): "The crater v is larger {than m), and its 
gray ring is more easily seen." In his chart Klein has drawn this crater very plainly, 
whereas Neison has simply placed an n in its situation without drawing the crater 
itself. According to the descriptions given by Schmidt and^EiSON the crater « of 
Klein's chart is placed considerably too far to the east. All the photographs 
ni-VII confirm the descriptions of Schmidt and Neisos. On Klein's chart the 
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distance « to A {Gay) is equal to the distance in to A {Cop^. Whereas, the latter 
distance is in fact aj^ times larger, and consequently « is to be placed much nearer 
to A (Gay) than on the chart. The photographs of the first quarter of the Moon 
confirm this correction. To the southeast and near to A {Gay) there is a large 
oval, trough-shaped cavity (exactly as laid down on Schmidt's chart), whose walls 
must be very low. It recalls the cup-shaped cavity in the interior of Ptolemy^ 
north of crater A. This formation is not given by Neison and Klein. Plates 
III, IV, V plainly indicate its trough-like character by its shadows, which are 
darker than its surroundings, and more intense on the west. There is a crater at 
its south end, as Schmidt gives it, which is, however, somewhat smaller than m 
and not so deep, and, therefore, less obvious. Plate IV shows this crater best 
(III and V not so well), and it must be the crater «, as is confirmed by the circum- 
stance that its position is the center of the large dark nimbus when the Sun is 
high (as is proved by plates VI and VII). Measures on VI and VII on the one 
hand, and again on IV, give for the angle between Gay-Lussac (center), A {Gay) 
and n the same angle, namely, 112°. 

According to the foregoing data we must look for « in the left hand lower 
comer of L, 13, where a sharp line of division between light and shadow passes 
through the crater. At first I was disposed to consider the dark crater on the 
upper edge of M, 13, as «, assuming the correctness of Klein's drawing. This 
identification cannot be correct, as the photographs taken with a high altitude of 
the Sun plainly show. The crater in M, 13, is also given by Schmidt without any 
special relief Plate VI shows it to have also a dark nirnbus which is only one-third 
as large as that about v. The latter is about as large as the crater A {Gay). 

ig. Professor Holden, in the year iSgo,* in studying the Mount Hamilton 
negatives, found a large ancient crater-ring of oval form joining Copernicus toward 
the southeast, which is best seen on Moon negatives taken when the Sun is at a 
high altitude; such a negative, for example, as that of 1890, October 27. Plate I 
shows this crater-ring fairly well when one knows where to look for it. It is diffi- 
cult to make out on the heliogravure, in which only the western and less obvious part 
of the ring is to be seen. According to the plate of the full Moon, above named, 
the ring goes through the squares H, 3; H, 2; H, 1 ; thence in an arc south and 
east to the crater B (in L, i), and traverses the squares N, i; N, 2 ; N, 3; N, 4 
(where the mountain there situated forms a part of the ring), and ends in M, 5, at 
the outer wall of Copernicus. The center of this ring lies somewhat to the west of 
crater B, and falls in K, 2. 

20. The crater B, to the southeast of Copernicus^ is placed by Neison and 

Klein too far to the east. It is, in fact, situated so that the line which joins it to 

^Publications of the Astronomical Society of the Pacific, vol. Ill, page 250. 
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A {Gay) is very nearly tangent to the eastern crest of Copernicus. Neison and 
Klein also show, between B and A {Cop.) (somewhat nearer to B than A), a crater 
of the same dimensions as B. Schmidt does not give this crater, and it is not 
shown on any of the Lick plates. 

Schmidt lays down a crater north of A {Cop.) of about the same dimensions 
as m. The heliogravure shows this on the left hand middle border of G, i ; it is 
better seen on III and IV, and most plainly on V. Gaudibert observed this crater 
on March 26, 1S85. It is not given by Neison or Klein. 

21. A long and fine rill-formation on I is especially noteworthy. It traverses 
the crater B in a northeast and southwest direction, and passes through the 
squares N, 3; N, 2; M, 2; L, 2; K, i (here it is broad and resembles a valley), 
and J, I. Plate III shows it to extend as far as the center of A {Cop.}, and it is 
very brilliant on this plate, especially outside of the east wall of A. A branch 
nearly perpendicular to it, which is sometimes like an elevation and sometimes 
like a rill, goes from B through K, 2; K, 3, and J, 4, as far as the southeast crest 
of Copernicus, and through L, i, to the opposite side of B. B therefore is, accord- 
ing to I, the crossing point of four well-marked rills. 

In what relates to the more distant surroundings of Copernicus., the helio- 
gravure speaks for itself. There is scarcely a square which does not contain a 
small crater or a rill-like trace. These rills lie, nearly always, at right angles to 
the direction of the Sun's rays, which fact is an important witness to their reality 
as veritable rills on the Moon. Schmidt has expressed himself as follows (Athens, 
1867, January 14): "In the west wall of Copernicus., on the terminator, every valley, 
every cavity, seems to contain rills or crater-forms." The drawing shows that this 
description is true for the entire wall. In what follows I have collected references 
to the most important, or to the most obvious of such formations. 

22. Small craters are to be found in the following situations (writing them in 
the direction of horizontal lines in the heliogravure): 

C, i; E, I (with radiating rills); H, i. 

E, 2; F, 2 (many small craters); H, 2; K, 2 (with radiating rills); M, 2; N, 2; 
O, 2 (a large, shallow object, with a central point, and farther to the north a small 
crater with radiating streams). 

D, 3 (small craters connected with rills); J, 3 (large object in the right hand 
lower corner); L, 3 (large, oval, crater-like object on the upper border). 

C, 4; E, 4; F, 4 (the reference is particularly to a large object, in the upper 
central portions, which extends into the square F, 3. Plates III and IV prove it to 
be a crater, and plate IV shows its diameter to be 2.3 km. It is not so well seen 
on plate I); G, 4 (two small craters on the crest; the easternmost is especially 
plain on I). 
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C, 5; L, 5 (with radiating streams); O, 5 (very obvious, with radiating rills, 
and lying in a large depression). 

A, 6 (with rays); C, 6; D, 6; L, 6 (large, ring-shaped formations, and two 
small craters, with a rill joining thera). 

A, 7; B, 7; C, 7; L, 7 (with riU-streams) ; M, 7 (several very small craters); 
O, 7 (a small crater with rays, which seems to be a conical mountain). 

C, 8 (two large craters, the easternmost is especially plain); L, 8 (on the crest 
of Copernictts.^ and to the east of it). 

B, 9 (large object); L, 9 (very small craters); M, 9; N, 9. 

C, 10 (an obvious crater with rays, which seems to lie on a conical mountain, 
but which is not well shown in the heliogravure. In the right hand lower corner 
there is still another small crater, lying in the midst of a larger one. The latter 
is much better seen on II than on I); E, 10; M, 10; N, 10; O, 10. 

A, B, IT (large crater-like object, with rills debouching in its interior, and 
with small craters within it); C, 11 (large ring-shaped object); D, 11; I*', 11 ; J,ii; 
K, n; L, II (large object with rill); N, 11. 

C, 12; E, 12; F, 12; G, 12 (very small crater with rill-rays); J, 12; N, 12 
(plain); O, i2 (plain, with indicatious of a wall). 

A, 13 (large object); E, 13 (plain); H, J, 13; M, 13 (dark crater with rills). 
E, 14; H, 14 (a plain, small crater in the course of a rill, and other craters). 

23. Among the rill-like fortnations the following may be cited: 

E, I, 2 (connected with craters). D, 3; K, 3; M, 3 (with bright walls). 

E, 4 (connected with craters); F, G, 4 (with bright wall on the crest of Coper- 
nicus; its course can be followed up to E, 3; it is plainly visible on plate III also); 
H, 4, 5 (several rills crossing the crest). 

E, F, 5 (this rill is particularly interesting; it seems to be a kind of a pass in 
the south wall. It can be seen in plates III and IV also. On IV it extends further 
to G, 5, where it forms an arc in the left hand lower corner of that square, and 
from thence it traverses the entire southwestern portions of the interior of Coper- 
nicus until it enters the square F, 8; from G, 5, to the middle of F, 7, it has a plain, 
bright wall on the side turned away from the Sun); O, 5 (with bright wall and a 
small crater). 

D, 6; L, 5, 6; M, 6; N. 6. 

A, 7; D, 7 (strongly marked); L, 7; M, 7 (clear); N, 7 (clear). 
C, 8 (connected with craters); M, 8; N, 8. 

B, 9; C, 9 (strongly marked); D, E, 9 and 10 (evident on the northwest crest 
of Copernicus); M, 9 (passes through a small crater); N, 9. 

C, 10; K, 10 (with bright wall); M, 10 (connected with small craters); N, 10 
(clear); O, 10. 
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A, 1 1 ; B, 1 1 ; C. 1 1 ; E, 1 1 ; F, 1 1 (on the crest, with bright wall); G, 1 1 ; L, 1 1 
(connected with a crater); M, ii; O, ii. 

C, 12; D, 12; B, 12; F, 12 (clear); G, 12; H, 12; J, 12; L, 12; M, 12 (clear); 
N, 12; O, 12. 

B, 13 (strong, with bright wall); C, 13; E, 13; G, 13; J, 13; K, 13; L, 13 
(strongly marked); M, 13; N, 13. 

B, 14; E, 14 (connected with a crater); F, 14; G, H, 14 (clear); J, 14; L, 14 
(strong); N, 14; O, 14. 

24. I wish to call particular attention to a large three-cornered valley in E, 4, 
where two mountain ridges meet. These ridges lead toward A {Cop.). The 
valley is enclosed on the southeast and northwest by two interesting rills, or ele- 
vated ridges, and appears to have a steep declivity toward the northwest. The 
inclined surface of the valley shows several small craters and rills. 

Outside of the southeast wall of Copernicus, Schmidt has drawn a crater in the 
form of an Arabic numeral S, which is not given by Maedler aud Neison. It is 
identical with the large object in the comers of the four squares G, 2; H, 2; and 
G, 3; H, 3. 

The very obvious, though rather shallow, crater-like object in A, B, 11, whose 
border appears to be a crown of small craters, is not laid down by Schmidt. It 
can be verified with some difficulty on the plates corresponding to the Moon's first 
quarter. 

I have limited the foregoing discussion of the drawing of Copernicus to the 
most important features only of this complicated and splendid region. Although 
the discussion is by no means a complete account, it is sufficiently full to show 
that the Mount Hamilton negatives constitute a veritable treasure for science, aud 
that when they are studied with sufficient attention they will yield important 
additions to our knowledge of the details of the lunar topography. A complete 
acquaintance with such details is the only basis upon which we can safel}' found 
our views of the nature of the processes and forces by which this topography was 
moulded. 

L. Weinek. 

Prague, 1894, April i. 
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■ PHOTOGRAPHIC ENLARGEMENT OF THE LUNAR APENNINES." 

(See the beliogravure plate facing this page, and also the index-map.) 



The plate represents chiefly the lunar Apennines in their eastern, central, 
and western portions, and extends from Eratostfienes to Cassini. It is a repro- 
duction by heliogravure (by the k. u. k. Militar-geographisches Institnt in Wien) 
of a 7-fold enlargement, by Mr. A. L. Colton, from the excellent negative taken 
at the Lick Observatory, 1891, July 14, S*" 12"" 26*.5, P. S. T,, and it is on the same 
scale as the charts of Lohrmann and MaedlER. The picture corresponds to an 
age of the Moon of g days 0.2 hours, and thus to one day after the first quarter. 
The termiuator falls on the west walls of Tycho and Tiniocharis. A glance at this 
lunar picture shows that in beauty, in plastic effect, and in truth to nature, it far 
excels all previous representations of the same landscape. Although the best 
drawings, such as those of Lohrmann, Maedler, and Schmidt, testify to marvel- 
ous industry, yet each one of them is lacking in the unity which can only be 
attained by makiug a complete picture at a single sitting. The extreme com- 
plexity of the grotesque arrangements of the mountain masses makes it absolutely 
necessary for the artist to represent only small areas at one time; and subsequently 
to fit together, like a mosaic, the separate pieces. The photograph, on the other 
hand, does all its work at one time. It possesses' another advantage, since the 
plate appears to be more sensitive to the finest gradations of light and shade than 
the eye, especially when the eye is tired and confused in the presence of a brilliant 
field, as is the case in lunar observations. 

Maedler refers to the extreme difficulty of making a representation of the 
Apennines in the following words {Der Mo»d, page 242): "Lohrmann, who appre- 
ciated the immense difficulty of representing this region of the Moon, began his 
first trials here, and has exhibited (the Apennine range) on Section IV of his map, 
with its contours, very near to the truth. The only thing that is not as it should 
be in his drawing is the monotonous character of the northern border. The multi- 
tude of mountain summits, single peaks, and hills which cover the high region is 
almost countless, and even the highest optica! power and the most indomitable 
•Translated by Edward S. Holden. 
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industry cannot succeed in representing all the details of this region, as tbey can 
be represented in the seaSy for example. Our chart contains, to the west of Cotton, 
about 500 peaks, but 2000 to 3000 would not be sufficient if the attempt was 
made to represent everything which is to be seen uuder good circumstances, and by 
long-continued observation. It would require a scale three times larger than that 
of our chart, a giant telescope, and special observations continued over a series 
of years to complete a drawing of this region of the Moon, which should be 
equal to the best maps of mountainous regions on the earth." These words of 
Maedler'S, which were printed in 1S37, have a prophetic sound, though they were 
written in ignorance of the photographic methods which Daguerre was to intro- 
duce two years later, in 1839. The giaut telescope, which was longed for, is that 
of the Lick Observatory. The representation of the Moon, on the more than 
3-fold scale of 10 feet to the Moon's diameter, has already been begun by me, 
using the splendid focal negatives of Mount Hamilton as a basis, after a series of 
experiments which have enabled me, since April 19, 1893, to enlarge the original 
negatives more than 20-fold, by photographic processes oul}', with a sharpness of 
definition which leaves nothing to be desired. 

The photographic plate which has been employed iu making the heliogravure 
(H) was enlarged about 7-fold, to the scale of Maedler'S map, as I have said. 
I possess a fine positive copy of it (D) on glass by the kindness of the Lick 
Observatory. D does not reproduce with sufficient sharpness (definition) the grain 
of the original negative-plate, and in so far does not do entire justice to the finest 
detail on the lunar surface. It is, in spite of this, a splendid, artistic, and extremely 
effective picture. The heliogravure (H) is naturally less satisfactory in these 
respects, though it must be acknowledged to be a marked success; and the d^i'a- 
positive itself (D) is not so satisfactory as the original negative. These conditions 
must be borne in mind in reading the following discussion of the main features of 
plate H. It should be stated that I also have in Prague two original negatives of 
the same night, taken at S"" 16" 26'.5 (Ni), and 8" 28" 22" (N^), so that I am iu a 
situation to test the reality of special features exhibited on H. It should be 
recollected, furthermore, that negatives, no matter how closely they follow each 
other, have their own individualities, and that slightly different circumstances in 
the exposure ahvays produce slight differences in the visibility of tlie very finest 
details. Such differences can always be interpreted by sufficiently skilled and 
patient observation, and the}' can, under some circumstances, be turned to account 
in explaining the nature of the objects depicted. 

To avoid misinterpretation, I wish to emphasize the fact that it is only in the 
finest details that such differences as I have mentioned are to be found in two 
negatives taken sufficiently near together. They are chiefly due to differences in 
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the length of exposure of the originals (the exposure-times are purposely varied 
at the Lick Observatory), but they also depend upon differences in the sensitive 
films of different plates, particularly in the fineness and in the homogeneity of the 
grain, on differences in development, and on momentary variations in the steadi- 
ness of the atmosphere. 

In what follows I shall compare the heliogravure (H) with Maedler's Mappa 
Selenograpliiea. To facilitate this comparison I have prepared the sketch or index- 
map, by taking all the craters or crater-like objects (denoted either by their round 
shadows, or by the mark of an illuminated wall) which were to be found on the 
photograph, and by writing near them their symbols used by Maedler. The 
zero-meridian is also marked (it passes from the east wall of Aristillus to the east- 
ward of Autolycus)^ together with the directions N, E, S, W. It is at once seen 
that H gives not only all the craters laid down by Maedler, but also very many 
more. Among these objects not given by Maedler may be mentioned the follow- 
ing. All of them are on the map of Schmidt: 

1. On the western border of Sinus Aestuum lies the easily-seen crater C- 
East of C, a small definite crater is to be found, at a distance equal to a diameter 
of Eratosthenes. This iS not in Maedler, although Schmidt gives it. 

2. To the north of the mountain IVolf^ in the eastern Apennines^ H shows 
three craters. The middle one is not given by Maedler. 

3. In the southeastern depression of the Apennine highland the craters c and 
A are to be found, making a triangle with the crater C, obtuse-angled at f, just 
mentioned. Not far from the middle of the line c A, and south of Marco Polo, a 
well-marked crater is shown in H, which is not to be seen in Maedler. 

4. Maedler does not give the small crater which lies in the line A C, not far 
from C. It is not entirely clear in H, but it is readily seen in D. 

5. On the north edge of the central Apennine chain. Cape Huyghens^ A, is to 
be seen. Southeastward from this, and near to it, on the crest, there is a crater 
which Schmidt gives, but which Maedler does not. 

6. West from the depression Marco Polo^ in the highlands, is the crater b. 
Near it, and northwestward, H shows three crater formations near each other, 
which Maedler does not lay down. 

7. North of the west end of the broad crater-rill A, in the foothills of the 
Apennines^ Schmidt draws an elongated double crater. This is single on H, but is 
double on D. Maedler does not represent it in either form. 

8. Northeast of Araltts, H shows, outside of the promontory of the western 
Apennine chain, a definite crater, at a distance of one diameter of Archimedes. 
This is not given by Maedler. 

g. On the western external border of Archimedes is a small, round, dark spot, 
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which has a crateriform appearance. 1 have given a special note to this (No. 20) 
in the discussion of my lo-fold enlarged drawing of Archimedes from the Mount 
Hamilton negative of August 15, 1888, to be found elsewhere in this book {q. c). 
This spot is not in Maedler. 

10. The height y lies southwest of Auiolyctts. Schmidt draws a small crater 
on the northern declivity of x, which is shown in D, but not by Maedler. 

11. Outside of the western crest of ^/«/o/)'Cttj, Schmidt has a crater which is 
visible in H, much better shown in D, aud very plain iu Ni and N^. Maedler does 
not give it, 

12. West oi Aristilhis, at a distance of one diameter of this ring-plain, in Palus 
Putredinis, H shows a definite crater, which is uot in Maedler. South of this and 
in its immediate neighborhood D exhibits four small craters (marked by points on 
the index-map), whose reality is only to be determined by a reference to the original 
negative.* Schmidt gives several low hills here. 

13. On the northern declivity of Cassini, Maedler shows but one crater. 
According to Schmidt there are two such objects. The western one appears 
{according to H and D) to be extremely shallow. 

I may add the following remarks: The broad A rill, which stretches between 
Archimedes and the Apennines (almost parallel to the northern declivity of the 
mountains), can be admirably seen on H, and its crater character is well signalized. 
The rill x^ which runs first south and then southwesterly toward A, from the 
southern outliers of Archimedes, is shown better in D than in H, and distinctly 
better still in Nj and N.^. D shows, between the rills A and x, two rill-like branches 
in the form of a St. Andrew's cross (see the index-map). Their true nature can 
be much better studied on tlie original negative. West of the height Autolycus^ y, 
Schmidt draws a broad rill, which is not shown by Maedler or Lohrmasn. The 
heliogravure (H) shows it very well, but does not permit the long arms, which 
extend southeasterly, to be easily traced. This rill-system is admirably depicted 
on Ni- In the western Apennine highlands lie the craters Conon and Araiiis, the 
latter being especially conspicuous. Schroeter detected a central peak in Conon^ 
which was not drawn by Lohrmann, but which Maedler has represented. The 
Lick photographs fully verify its existence. H shows a large crater joined to 
Conon toward the south, which Maedler describes as follows iu Der Mond, 
p. 243: "Close to the south of Conon there lies a second, rather shallow, crater, and 
these two are connected by a plateau." It is remarkable that this crater, which 
is almost as large as Araius, is entirely wanting in Schmidt's chart. On the 

* Note by E. S. H. The origiual negative shows that the three easternmost dots represent three 
craters. The westernmost dot probably corresponds to a marking in the crest of a low-lying, rather 
large crater-ring, and not to a crater-pit. There are a number of crater-pits of the character of the 
three first named which lie west of Artslillits, and which are not given in the index-chart, 
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exterior peak of Mount Huygkens there is a small crater, which Maedler calls 
"scarcely visible." The heliogravure represents it, but in N, and No it is plainly 
visible with an interior shadow. The crater d, north of Archimedes, which only 
appears as a bright spot on the Mount Hamilton plate of August 15, 1S8S (in spite 
of the fact that the lighting of that negative is similar to the lighting of H — com- 
pare No. 23 of the notes to my Archimedes drawing in this book — ) is here clearly 
portrayed with an interior shadow. In the interior of Archimedes the bright 
streaks on the floor appear plainly. On the north wall of Arislilins, H shows a 
circular dark spot, whose appearance leads to the inference that it is a crateriform 
depression. The relief of the ring-mountain Aristillus is especially beautifully 
displayed in the plate, as well as the bright streaks and crests, on all sides, radiat- 
ing from its center. In Dr. H. J. Klein's Fiihrer am Slernenhimmel^ p. 318, we 
read, with respect to the low border-wall of Cassini: "The south wall has been 
shattered by a crater, which is only to be seen in particular illuminations." 
Schmidt does not show this crater. It is, however, easily seen on H, and still 
better on N,, which negative also shows the rill which extends from the crater 
toward the southeast. 

The foregoing remarks will suffice to demonstrate that the 7-fold photographic 
enlargement which we are considering is, even in respect to its minute details, of 
important value to selenography, and that a further study of the wonderful relief 
of the landscape shown in the original negatives promises new results. 




TYCHO. 

J-nlarged 24-fold by Professor L. WEINEK and Dr. R. SPITAI.ER 
tram rtt N<s.Hn mtlt .t ib= Lick Ob.«..iotj i8<)i Son^W >o « ii> ^i- 41- P. S.T. 
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PHOTOGRAPHIC ENLARGEMENT OF TYCHO.' 



(See the autotype plate facing this page.) 



The plate is a reproduction of a direct enlargement made by Dr. Spitaler and 
myself from an original negative of the Lick Observatory, taken 1892, November 
10, at 1$*' 52° 41', P. S. T., and corresponds to a diameter of the Moon of 10 feet 
(i mm., being about 1.06 h'/omeiers,^ o" .^■j). The terminator lies on the west wall 
of Aibaiegnius, so that the altitude of the setting Sun for the center of Tycko is 
about 18". The exposure-time chosen at the Lick Observatory for the original 
negative was such as to make those parts of the Moon's disk for which the Sun's 
altitude was some S^-ro", appear in the negative very much as they appear to the 
eye in the telescope. Hence the bright wall of Tycho is necessarily over-exposed, 
and shows, therefore, but little detail. In spite of this, the relief of the whole 
landscape is extremely fine, and the plate affords a comprehensive view of this 
splendid region such as no artist can ever produce. At the same time the image 
has one seriously disturbing element, which is due to the enlarged gjain of the 
emulsion film of the original negative. This grain produces a corresponding 
granular appearance in the plate. If the enlargement had been somewhat less, 
the general effect of the plate would have been improved. But had the enlarge- 
ment been less, it would still have been necessary to examine the resulting plate 
with a hand-magnifier in order to see the finer detail, and it was my object to do 
away with this necessity. On the 24-fold enlargement the finer detail can be seen 
with the unassisted eye, so soon as one has learned to inspect the image without 
being disturbed by the grain. The effect of the grain can be counteracted by 
examining the picture at a greater distance than that of distinct vision, or by 
covering it with a paper more or less transparent, as required, so as to obtain 
its generalized aspect. 

This plate of Tycho has been exceedingly well reproduced by the compara- 
tively cheap method oi phototypie (using the well-known fine net-work of squares 
and subsequent transference to stone) by the k. n. k. Hof-Photographischen Knnst- 
Anstalt, C. AngERER & GoeSCHL, of Vienna. The plate is naturally somewhat 
• Translated by Edward S, Holdkn, 
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inferior to the 24-fold enlarged glass dia-posiUve, particularly because the half-dark 
tones within the deep shadows, or just at their borders, have been made unduly 
dark, and are thus more or less missing. The same thing occurs to some degree, 
however, even in the best silver prints on Aristo paper. For this reason the shadows 
in the plate are in general a little too much extended toward the west; especially 
so in Pidct and in Pu/el, a, where half-dark elevations in the interior, which are 
easily seen in the dia-positive (with dimensions of 3 to 5 mm?), have been overlaid 
with black shadows. A few outlines of crater-walls have been entirely lost for 
the same reason, as on the inner southeast wall of Tycko, on the southeast wall of 
Sasserides, and on the south wall of Orontius. In other respects the reproduction 
is completely truthful, with the exception that the forms of the truly circular 
grains of the enlarged dia-positive {whose diameters are from 0.07 to o.io »/»/.) are 
somewhat modified on the plate by the action of the net-work of small squares 
necessarily employed in \\\^ photolypie process. 

A picture, in relief, of the same region on the Moon, near siinset, has been 
given by Schmidt in his book Der Mond (Leipzig, 1856). If we compare Schmidt's 
drawing (which is about three and one-half times smaller than the plate) with the 
enlarged photograph, we see at once that the drawing appears highly schematic 
and incomplete, and that even the outlines leave much to be desired. Another 
extremely sharp plastic representation of Tycho (after sunrise) is to be found in 
Nasmyth and Carpenter's work on the Moon in their plate XV. If this plate is 
compared with the photograph, we see at once that it presents very many inaccura- 
cies — often arbitrary in their nature — as indeed is to be expected, since Nasmyth 
and Carpenter's plates were copied from a model globe of the Moon, made by 
them in relief from their long-continued series of Moon drawings obtained at 
the telescope. I have myself twice drawn Tytho with the 6-inch telescope of the 
Prague Observatory. The first drawing was on 1884, April 4, with the shadows 
thrown to the east (see Prager Astr. Beob.^ v. 1884), and the second was on 1885, 
January 8, with the shadows thrown westwards (see Prager Asir. Beob., v. 1885- 
1887). Although these drawings are on a comparatively small scale, their agree- 
ment with the photograph may, in general, be considered as satisfactory. 

Among the maps of Tycho and vicinity, that of Schmidt, in Section XXIII 
of his atlas, is the most complete, and for this reason a comparison will be made 
between Schmidt's chart and the photograph. A second original Mount Hamilton 
negative of the same evening (1S92, November 10, 14'' 54'" 3l^ P. S. T.) is in the 
possession of the Prague Observatory, and has been used to verify the reality of 
the finer details which appear on the photographs, but which are not to be found 
on Schmidt's atlas. The latter negative I shall call II, the former I. A rigid 
comparison of I and II was very conveniently made, as follows: A 24-fold enlarged 
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dia-posUive was made from each negative, taking pains that the two enlargements 
should be of like sharpness and intensity. Each of these dia-positives showed 
objects in very nearly the same absolute dimensions. Each was examined by 
transmitted light, and illuminated by diffused daylight. If the question was, for 
example, to ideutify rills which passed through or near a certain crater, two inde- 
pendent sketches of this crater and its vicinity were made, one from each dia- 
positwe. The lines on the 6rst sketch were given in red; on the second, in black 
ink. When the two sketches were superposed, identical features should cover each 
other. Even in the case where the scale of the two dia-positives is not precisely 
alike, this method of comparison can be readily employed by taking account of 
the scale difference referred to. It is to be remarked that, in general, the crater- 
forms were better defined and more easily seen on I than on II, though the latter 
plate showed a few rills better than the other. To the south of Tycho, at a distance 
slightly greater than the meridional diameter of that crater, lies the ring-plain 
Street, d, which has a larger crater on its southeast wall. This is shown at the left 
haud upper margin of the plate. If the centers of Street, d, and Tycho are joined, 
the joining Hue represents the direction of a meridian. The direction from the 
center of Tycho to the right hand upper corner of the plate is, accordingly, east; 
to the right hand lower corner, north; and to the left hand lower corner, west. 

I. Schmidt has drawn, in the interior of Tycho, a central mountain which is 
extended east and west, and north of the west end of this mountain he has depicted 
an elevation. Closely adjacent to this elevation, and to the south, Schmidt has 
mapped a small crater. The elevation in question is easily seen on I and II. The 
small crater cannot be made out on the phototype, because the shadow of the 
central mountain is broadened at this place and is too intense; it can, however, be 
seen on II at the edge of the shadow, and it is with difficulty made out on I, 
According to II its diameter is about 2 kilometers, which agrees very well with its 
dimensions in Schmidt's chai't. On I, nearly in the meridian line through the 
center of Tycho, and on the southern summit of the great central mountain, a 
rounded formation is to be seen, which is a crater of 1.4 km. in diameter. This 
is also shown on II. On the northern border of the interior of Tycho, Schmidt 
has laid down a very small crater, which was first observed by him on August 37, 
1842. This crater lies in the line joining Sasserides, F, and the western edge of the 
central mountain. This small crater is well seen on I, less plainly on 11. At 
the northeast foot of the central mountain there appears (on I and II) to be a 
rill-formation extending toward the northeast wall of Tycho. Southeast of this 
rill-formation there are (according to I) several small craters. Westerly from the 
central mountain there appears to be a rill (on I and II), which traverses the 
western parts of the interior of Tyclio in a northeasterly direction. The terraced 
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fonnation of tlie bright western interior wall of Tycko is lost, in a great measure, 
iu the plate. But both dia-posilwes seem to show, so far as one can tell, a group 
of small craters on the southwest wall. On the northern outer wall of Tycko, 
I shows a curved fissure, or rill-line, which passes through two plainly marked 
craters, and which has somewhat the shape of an eutended Latin W. This is 
especially well seen on II, in which plate the westernmost one of the two small 
craters is particularly well delined. 

2. West of Tyclto lies the ring-plain Pktet (which Schmidt calls I b). The 
ring-plain Picict^ a, joins this on the south. Schmidt has drawn the latter forma- 
tion very much too small, and he has placed it too far to the west of Tycko. On 
the other hand, Schmidt's map, Section XXIII, gives the distance between 
Pielet, a, and Street (which Schmidt calls I a) too large. This interval is filled 
on Schmidt's map by two ring-plains, the northernmost of which encroaches on the 
most southerly. The photograph seems to show in this place only one ring-plain 
(whose diameter is about 0.7 of that of Pictei, a), which is, however, divided into 
two parts by a low elevation. Nasmvth and Carpenter represent only one ring- 
plain here, while Maedler has nothing in this place. 

3. East of Street, d, lies a large ring-plain, which Schmidt calls M, and Lohr- 
MANN, 159. According to Schmidt, M has a large crater on its northwestern outer 
wall, and this latter crater has, again, a small crater attached to it on the east. The 
last described object is shown by the photograph to be imbedded in the wall itself, 
and can scarcely be smaller than its neighbor to the west. Adjacent to the north- 
ern outer wall of M, Schmidt has a considerably large and apparently deep ring- 
plain. Both photographs agree in showing that this ring-plain is shallow. On the 
northwest outer wall of this last-named object, I shows a well-marked crater-rill, in 
which four craters are to be seen, of which two are especially plain, each having a 
diameter of 2 kni. This crater-rill is less plainly shown on II. 

4. Somewhat further to the north lies the small ring-plain Tycko, d, inclosed in 
a large ring-plain (east of Tycko). I shows a plainly marked rill-formation, which 
passes through the middle of d: ou its western inner margin is another formation 
of the same kind, and both of these seem to extend as far as tlie southeast wall of 
Tycho. The plate II confirms these conclusions, though the easternmost of the 
two rills is seen with difficulty, while on the other hand, the westernmost is very 
plainly shown, and can be clearly identified. On the plate I still another well- 
marked rill is to be found in these regions; it runs between the easternmost of the 
two rills just described and the crater Tycko, B, in a northwesterly direction, up to 
the outer wall of Tycko, and is also shown on plate II. According to II there is a 
nodal point in the latter rill south of Tycho, B, and from this point there extends, 
to all sides, a family of radiating rills. The nodal point is shown by I to be 
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undoubtedly a crater. The small crater which Schmidt lays down on the north- 
west wall of Tycho, B, is well shown ou I. Both I and II also show a crater of 
similar dimensions on the border of the north wall of Tycho^ B. 

5. Plate I displays an obvious rill-formation, which extends in a north and 
south direction from Tycho^ B, to Tycho^f {"Ciio. middlemost of the three craters which 
lie close together northeast of Tyeho). This rill appears to be connected with the 
small crater situated ou the south wall of _/, and to have there the characteristics of 
a crater-rill. Close to it and to the east, yet other small craters are visible. The 
plate II exhibits the northern half of the above described rill pretty well. From 
the small crater just mentioned, on the south wall of /, plate II shows a very 
obvious rill, which extends toward the northeast wall of 'fycko, before which wall 
it divides into two branches. The principal branch is easily seen on I. More- 
over, plate I shows a rill-formation between the outer southwest wall of Tycho and 
Ptclet^ a, which extends in the direction of the meridian, and whose position is 
completelj' confirmed by plate II. 

6. Another very obvious rill- for mat ion exteuds (according to both I and II) 
from the northwest outer wall of Tycho, through the well-marked crater lying 
northeast of Putel, C, up to the south, wall of the ring-plain Sasserides, a. Plate II 
shows that the unnamed crater just described contains a small central crater of 
1.2 km. in diameter, which is a center from which a system of rills radiates on all 
sides. Northwest of this crater Schmidt depicts two smaller craters in the interior 
of the ring-plain there situated, and these two small craters are well shown on I 
by their limiting outlines. Several other similar craters seem to exist at this 
place also. 

7. The central conical mountain of Sasserides, A, is plainly shown on I and II. 
I shows it to have a crater on its western slopes, and from this crater two or three 
rills radiate. The photograph, also shows a high central mountain in Sasserides, C, 
although Schmidt does not lay down any such peak, but rather a serai-circular 
elevation, with its open side toward the west. In the neighborhood of Sasscrides, F, 
and to the east, I shows a large ring-shaped formation, which is also indicated on II. 
Both dia-positives show several small craters within this formation. 

8. Sasseridcs contains several rills according to I. One of them extends from 
the southern margin of the eastern large walled crater, and runs toward the west, 
dividing as it goes. The others radiate from a point which lies on the inner wall 
of Sasserides, northeast of Sasserides, F, and only a short distance from it. Dia- 
posiiive II shows a clearly defined small crater here, and plate II confirms both 
systems of rills. On the southwestern inner wall of Sassei'ides, Schmidt has a 
great number of small craters, which are well seen on I. 

9. In Sasserides, o, there is easily seen (on I) a large, leaf-shaped rill- formation 
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whose apex is directed to the northwest. The area included within it seems to be 
convex. The same characteristics are shown, although less distinctly, on II. 

lo. In the northern interior of Pictet is a well-marked rill extending north 
and south, which seems to pass through several small craters. This rill is shown 
on both I and II. A similar rill lies east of it, at a small distance, which is plainly 
visible on I and II, although in the phototype it falls within the limits of the dark 
shadow. I and II show a rill extending along the southeast crests of Orontius^ 
and this is especially well seen on II. 

In what precedes I have given only a few comparisons of the plates I and II. 
A more thorough discussion would require a completer nomenclature for the 
various objects than - is now available. Yet the very summary account here pre- 
sented will abundantly show the great importance of photographic enlargements, 
like that of Tycho^ in spite of the confusion of the finer details which results from 

the grain of the sensitive film. 

L. Weinek. 
Pragtie^ March 28, 1894. 
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CAPELLA AND TARUNTIUS. C." 



(See the phololj-pe faciiig this page,) 



[Professor L. Weinek, Director of the Imperial Observatory of Prague, has 
submitted to the Imperial Academy of Sciences of Vienna, as a continuation of 
his recent lunar studies, drawings of the ring-plain Capella aud of the crater 
Taruniius, C, enlarged forty times from photographs taken at the Lick Observatory. 
His explanatory remarks are as follows:] 

Drawings I and II represent the interior of the ring-plain Capella: drawings 
III, IV, and V show the small crater on the north wall of Tarunlhis, which Maedler 
calls C. 

These five drawings are enlarged exactly forty times from the following 
photographs taken at the Lick Observatory: 

I, From Lick Observatory negative, 1890, November 17. 
gh gu. 2^> p g -J- . ^^oon's age = s*" 1 2". 5. 

II. From Lick Observatory negative, 1890, August 31. 

14'' 27™ P. S. T. ; Moon's age = 16*^ iS"". 
III. From Lick Observatory negative, i8go, November 16. 



^h ^^m p g -p . Moon's age ^=4'' 12^. 



IV. 



From Lick Observatory negative, 1890, July 20. 

7" 53'" P. S. T. ; Moon's age = 4^ 3". 
From Lick Observatory negative, 1890, August 31. 
14" 27™ P. S. T. ; Moon's age = i&^ IS^ 

Both pictures of Capella, in which the shadows are cast in opposite directions, 
have exactly the same position in refereuce to the Moon's meridian, so that the 
vertical lines of the reticle represent the direction of the meridian for this locality 
of the Moon. 

The exact orientation was found by turning plates I and II in such a manner 
that the east crest of Capella and the east rim of crater D, northeast of Capella 

'Translated by F. R. ZiHL, from the Silztingsberickt of the Imperial Academy of Sciences of 
Vienna, July 6, 1893, and reprinted in the Publications of the Astronomical Society of the Pacific, 
volume V ( 1893), page 158. 
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(which objects MaedlER places in almost the same meridian), coincided with one 
of the vertical lines of the glass reticle, which was divided into spaces of one half 
7nillimet£r, and which was used in making the enlargement. Likewise the three 
drawings of the crater 7'ayunlius, C, were located exactly similarly in reference 
to the meridian of the place, which is also shown by the vertical lines of tKe 
picture. 

The Central Peak is Capella. 

Mr. C. M. Gaudibert, of Vaisou (Vaucluse), in writing to me on April 27, 
1893, called my attention to a small crater which he discovered on May 24, 1890, 
on the summit of the central peak in Capella, which he describes in the Revue 
mensuelle cPAstronomie populaire, Fdvrier, 1892, p. 64, as being excessively small at 
the time of first observation; but at present he is able to see it without difficulty, 
so that Mr. Gaudibert is led to the belief that this summit-crater may have lately 
attained a larger diameter. 

I was much interested by Mr. Gaudibert's information, and proceeded to 
search for this crater ou Lick Observatory plates of the year 1S90, for the purpose 
of ascertaining whether the photographic representation was inferior or superior 
to the optical observation. 

Mr. Gaudibert states that during the whole of the year 1890, and until Sep- 
tember 20, 1891, although he searched for this crater whenever opportunity offered, 
be was unable to verify his first observation; which is no doubt a proof that the 
optical observation of the crater was extremely difficult during the year 1890. 

I had no trouble in finding this summit-crater on two plates (I and 11) of 1S90, 
with shadows falling in opposite directions, and was, moreover, led to the discovery 
of several formations of rills and some much smaller craters in the vicinity; the 
enlargement of 40 diameters shows an exceedingly small crater (having a diameter 
of only o.S ww. ^0.50 km.^ viz.: 0.2^ mm., on Schmidt's map) to the east, which 
is identified ou both drawings I and II, as well by its position as by its size. 

I may state that the round outline of this miuute crater on plate II is of the 
same order of size as the Hues of the faintest rills discovered photographically. I 
have found, after making numerous measurements, that the grain of the photo- 
graphic plate, under an enlargement of 40 diameters, has a size of only o.io to 0.17 
millimeters: this agrees well with Professor Eder'S measurements iu Die pfioto- 
graphisehe Camera und die Momentphotographie, 1892, page 698, which place the size 
of the grain of quick dry-plates at 0.003 to 0.004 millimelers; so that the grain is 
about five to eight times smaller than the diameter of the above-mentioned crater. 

Plate I shows the summit-crater very clearly, and was taken at about the same 
age of the Moon as that on which the optical discovery was made, viz., May 24, 
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1890, the Sim beiug about 18° above the morning horizon; whereas for plate II 
the altitude of the Sun was about 28° above the evening horizon. The greater 
altitude of 10° in the latter case is probably the reason why the crater is not so 
plainly shown on plate II, where it is hardly more than outlined. The visibility 
of a crater is naturally also governed by its inner slope toward the west or east, as 
the case may be, which is not known beforehand. In general, the conditions 
exhibited on plate I appear to be more favorable for Capella than those of plate II. 

The small crater discovered by Gaudibert on March 15, 1S91, on the western 
slope of the central peak, is well visible on plates I and II; on the former with a 
distinct round outline without much shadow, on the latter with a shadow. 

The first-mentioned manner of photographic representation of small craters 
is very interesting, and is quite frequently met with on the photographic plate, 
but as a rule becomes apparent only by strong magnification, and in many cases 
furnishes the proof of the existence of an optically observed crater, which, owing 
to the not quite favorable exposure-conditions of the plate, had apparently been 
lost on the latter. 

Southeast from the summit, at the base of the peak, there are three larger 
craters, of which the two outer ones can be identified on plates I and II without 
difficulty. The middle one, however, is barely visible on plate I, although quite 
plain on plate II. 

Among the many small craters, including some as small as one-sixth of the 
diameter of the summit-crater on both pictures, which appear principally as per- 
fectly circular outlines, and which can in some cases be traced on plates I and II 
(ou plate I the Moon's distance from the earth is a little greater than on plate II), 
we observe on plate II a circle of four distinct craters on the southwest wall of 
Capella: of these the most easterly one is also shown on plate I. A very delicate 
rill-formation, extending from the summit-crater in a southwesterly direction, and 
which is finally divided in the shape of a forjc, can be identified with certainty on 
both plates. 

Plates I and II show a great number of chains of delicate undulations, low 
elevations, aud faint rills, the general direction of which is perpendicular to the 
Sun. Among these we may mention several chains on the peak itself, which 
converge toward the summit-crater, and therefore probably originate in the latter. 

Finally, I may mention that the time employed in the production of drawing 
I was 2oJ^ hours, and of drawing II, 25 hours. Considering this relatively short 
time of drawing it was only possible, in both cases, to make an exact drawing of 
the central peak, while the rest has merely beeu sketched, although it is correct 
in reference to position and shows all the important detail. 
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Taruntius, C. 

Plates III and IV, in which the shadows are cast in the same direction, and 
plate V, in which they fall in the opposite direction, show that there is another 
smaller crater at the bottom of this crater, which, on plate V, gives the impression 
of being slightly convex, and has a small crater-opening in its center. The size 
and shape of this inner crater agrees well in all three cases. 

The diameter along the meridian is equal to 3.5 millimeters^ or 2.23 kilometers* 
or 0.30 geographical miles on the enlargement of 40 diameters, whereas the diam- 
eter of the inner crater-opening is 0.25 kilometers.^ 

* ly^ English miles. f ^^ English mile. 



NEW FEATURES ON THE MOON DISCOVERED IN EXAMINING THE 
NEGATIVES OF THE LICK OBSERVATORY,* 




By Profhssob Weinek. 



In the course of enlarging the focal Moou-negatives made at the Lick Obser- 
vatory, by drawings and by photography, and also in the process of comparing 
two or more Mount Hamilton plates together, I have found a considerable number 
of rill-like and crater-like objects which were not laid down in any of the exist- 
ing lunar charts. When such an object is detected, it is at once necessary to 
determine whether it is a veritable feature of the Moon, or whether it is only an 
accidental flaw in the structure of the film of the sensitive plate. This determi- 
nation was readily and safely effected whenever the object could be found, in its 
true position and its true dimensions, oa two or more plates; that is, whenever its 
appearance was such that it required no forced artistic interpretation to find the 
object. In cases where this could not be done, the determination of its reality 
was naturally much more difficult, because rill-like lines and crateriforra objects 
are present in the grained films of the dry-plates used at the Lick Observatory, 
even in those portions which have not been affected by light. Under such 
circumstances, the processes of interpretation which have been derived from the 
examination of known rills aud craters must be the basis of one's final conclusion. 
In spite of this it must always be emphasized that a particular object was found 
on only a single plate, and hence that its reality has not been conclusively estab- 
lished. A later photograph, or a visual verification, is then required to supply the 
necessary evidence. 

At the commencement of my detailed studies of the Mount Hamilton nega- 
tives, it was already known to me that they showed a certain disturbing structure 
of the granular film exterior to the Moon's disk. This structure was sometimes 
evidenced by coarse diffused grains; sometimes by particular patterns of large 
extent; or, again, by small dark spots. While it could not be taken for granted 
that the exposed portions of the plate would display the same appearances as those 

• Translated by Edward S. Holden. It was necessary to send the MS. of this section to the 
printer before the translation had been seen by Professor Weinek. It has been thoroughly revised, 
however, by Professor Schaeberle. 
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portions unexposed to light, the matter could nevertheless be tested by comparing 
those parts of the film on the borders of the exposed and unexposed portions — as, 
for example, at the bright limb of the Moon. Here we do, in fact, see the lines of 
single grains of the nnexposed regions extending over into the exposed areas, 
although they there become very faint and ill-defined. This fact evidently makes 
it more difficult to determine the reality of a rill-Hhe line discovered in the image 
of the Moon; but it does not render it impossible to a practiced observer. When 
the rill-like object is really formed by the grain of the film, it appears as a small 
vacancy betzueen the separate grains of the film, whereas if the object is veritably 
a rill in the Moon, it is seen -to lie upon the separate grains of the sensitive film. 
The difference is easily to be seen nnder high magnifying power, or by a consider- 
able direct photographic enlargement in the camera. In order to test the reality 
of such objects still further, it is desirable to illuminate the negative (not a 
positive) in all possible ways, both from the front and from the reverse side, so 
that the shadows of the separate particles of the film may be thrown in very many 
different directions. By varying the shadows it is possible to see if the rill itself 
is constant; that is, we become, in a sense, independent of the grain of the plate. 

In the examination of veritable rills on the Moon the following important 
and often decisive characteristics are to be found: (ist) When seen their direction 
is usually perpendicular to the direction of the Sun's rays; (2d) They often 
present bright walls on the side farthest from the Sun; (3d) They are connected 
with small craters, through which they run or from which they radiate; (4th) 
They correspond completely with the topography of their particular region of the 
Moon, and with the photographic representation of this region. If no bright 
walls to a supposed rill are visible in a given negative, it remains doubtful 
whether one has to do with a veritable rill or with the shadow of a low elevation 
(just as if the observation had been made visually at the telescope). In any 
event, it can do no harm to have called attention to rill-like objects on the Moon, 
provided that all doubtful cases are specifically mentioned, and that the question 
of their reality is left open. 

Tests of the sharpness of definition of the photographic plate are of the first 
importance in all questions of new discoveries, just as they are for enlargements, 
whether by drawing or in the camera, and such tests must be made at the very 
beginning of the work. This is done by searching for known objects of small 
dimensions on the plate (having regard, however, to the nature of the background 
on which such objects are projected, as well as to the suitability of the exposure- 
time of the plate for showing this particular class of objects), and also by 
examining the image of the full limb of the Moon, both in R. A. and in Decl. 
Since the proper motion of the Moon during the exposure- times of 2'-4* is not 
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compensated, the shifting of the image on the plate during this interval may 
interfere with the definition. In all cases only those plates having the greatest 
possible sharpness of definition should be employed. 

In what follows I have brought together some discoveries made upon the 
Lick plates. In the descriptions I have used the word "r///" in its most general 
sense, so as to include shallow depressions ou tlie Moon, whether straight or 
sinuous. Usually these formations are of considerable length, and of relatively 
small width. In each description I have named first the Mount Hamilton plate, 
upon which the discovery was made, with the time of the exposure, expressed in 
Pacific standard time (P. S. T.) (Greenwich mean time minus 8''), and the age of 
the Moon, Age, Then follows in parenthesis the figures (i +) or (i), meaning 
that the object in question has been seen on more than one plate, or on only one. 
In case it has been seen on only one plate, my judgment in all cases here given is 
that the object is a real one. Then follows a brief description of the region in 
which the object referred to lies, and a short description of the object itself — 
employing generally the nomenclature of Schmidt. In most cases I have 
prepared special drawings of the new objects and their surroundings. It has not 
been practicable to reproduce these drawings in this volume, but they will be 
published in due time in the Annals of the Prague Observatory. Then follow 
notes of visual verifications of the discovery, when such have been made, and 
finally the date on which the new formation was first detected. 



L. O. plate, 1888, August 27, ? P. S. T.* Age = zo days; (i +). 

In Tkebit. 

The inner floor of Thcbit is traversed, in its western half, by a long rill-valley. 
On the (iia-positk'e described above, it shows as plainly as the well-known rill to 
the west of Triesnecker. This rill-valley begins at the inner south wall. In the 
first third of its course its direction is nortlieasterly ; in the second third, north- 
westerly; and it then takes a meridional direction, and appears to end near the 
elevation t. 

Its distance from the west wall of the crater Thebtt, A, is about one diameter 
of this crater. West of the southern part of this rill-valley there is a short crater- 
rill lying nearly in the meridian. On the north border of the interior of Thebit 
there is a small crater, which is erroneously placed by Maedler and by Neison 
on the outer wall at this place. The photograph shows a fine rill which runs from 
this crater toward the south and southwest. A more detailed description is given 
in Prager Astr. Beob., v. 18S8-1891, pp. 76-78. 
r Burn ha: 



*The negatives made by Profes 
Voi> III-IS 



I in 1888 have no iiidicatiou of the hour and minute. 
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Visual Verification. The principal course of the rill-valley was traced by me 
on March 31, May 28, May 29, iSgr, and ou February 18, 1892; by C. M. Gaudi- 
BKRT, in Vaison, on August 4, September 2, September 3, 1893 (see English Me- 
chanic^ December i, 1893, p. 328); and by A. S. Williams, in West Brighton, on 
September 2, 1893 (see The Obscrvalory, December, 1893, p. 411). 

The latter observer also considered the object as a rill-like valley, and observed 
yet another branch rill, which runs from the north end of the valley toward the 
southeast. This branch is difficult to see on the dia-positive of August 27, 1888, 
but very easy on other negatives. Gaudibert also recognized on August 4, 1893, 
the short crater-rill, above described, by its course. A small double-crater' lying 
in the eastern interior of Thcbit (to the west of the western crests of Thebit, A, at 
a distance of about one third of the diameter of A), was discovered by V. Nielsen, 
in Copenhagen, on November 12, 1891; and it has been found by him on an 
enlargement made at Prague from the dia-positive above named. (See The Obser- 
vatory^ October, 1S93, p. 352.) 

Discovered the last of March, iSgi. 

L. O. plate, 1888, August 15, P. S. T. ^^c = 8 days; (i +). 

Near Chladni. 

Southeast from Triesnecker^ A (called Chladni by Lohrmann), at a distance 
of about three diameters of A, this plate shows a plain, round crater, filled with 
shadow, whose diameter is at least 4.8 km. This is also found on other plates, 
usually in contour only, and it appears to need a special azimuth of the Sun to be 
well seen. Southwesterly, a low conical mountain is attached to this crater in the 
direction toward the crater B. The base of the mountain measures about 16 km., 
and its apex contains a small crater of i km. in diameter, from which rills stream 
in various directions. A full description is given in Prager Astr. Bcob., v. 1888- 
1891, pp. 78-81. 

Optical Verification. The above-described objects were optically verified by 
Professor Holden on Juue 15 and October 10, 1891, with the 36-inch refractor 
of the Lick Observatory, On the date first named the conical mountain, with 
its summit crater, was seen, as well as a small crater on the southeastern border 
of the mountain; and on the second date the larger crater above mentioned. 
According to the observer the latter is not fully surrounded by a crater-wall, and 
its interior is only filled with shadow when the Sun's rays strike it from the 
northwest. When the Sun is farther south the crater shows no interior shadow. 
Several rills appear to debouch within the crater. 

Discovered 1891, May 22. 
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"5" 



I days i8 hours; (i 4-). 



L. O. plate, 1890, August 31, 14" 27"', P. S. T. A}^ 
lu Cleomedes. 

In the southwest interior of Cleomedes there is a rill-system, whose plainest 
rill passes nearly half way between the craters B and ». In the middle of its 
course this rill runs nearly north and south; in its southern part, southwesterly; 
and in its northern part, northwesterly. It stretches from the inner south border 
of Cleomedes to its southwest border. This rill is crossed by a second one, which 
runs from the crater n toward the northeast. On the northwest wall of Cleomedes 
lie four very, small craters, nearly in a meridional direction. They are succes- 
sively smaller as one goes from north to south, and vary hetween 1.6 and 0.3 km. 
in diameter, (See Prager Asir. Beob., v, 1S8S-1891, pp. 81-83.) 

Discovered 1891, November 19. 



L. O. plate, 18S8, August 23, P. S. T. 4^f = 16 days; (i +). 

In the northwestern interior of Marc Crisiii?n. 

Here there is a large crater, marked s by Schmidt (Neison calls it Eimmarl, c'). 
Going south from its eastern wall one comes to a long, low hill. From this two 
plain rills run to the east, converging as they go. The northerly rill is about 2.4 
meridional diameters of the crater s from the south border of s; the southern rill 
is distant about 3.0 such diameters. Their length measured to their point of 
meeting is about 1.4 diameters. They are crossed by several fine rills, (See 
-- Asir. Beob., v. 1888-1891, p. 83.) 

Discovered 1891, November 21. 



L. O. plate, 1888, August 23, P. S. T. 

To the west of Tarunlius. 



Age = 16 days; {i +). 



A long rill-formation runs from the southwest outer wall of Tarunlius almost 
exactly west, and traverses the whole of Afare Feecunditatis to the eastern foot of 
the mountain region which lies south of Mare Crisium. A branch of this rill near 
the west wall of Taruntius has a northwesterly direction. South of the crater 
Taruittins, A, there lies, in the direction of a meridian, at a distance of one diameter 
of this crater, a short crater-rill; between the latter and A there is a rill-valle}' 
lying east and west. There is yet another meridional rill west of A, passing close 
to this crater. In the southwestern interior of Tarunlius there is a rill-system 
with many branches, which is connected with the small crater laid down by 
Schmidt on the southern border of the interior. An arm of this rill-system 
passes close to the west of the central mountain as far as the northwest wall of 
Tarunlius. The central mountain appears to have a very minute crater on its 
southern crest. (See Pragcr Astr. Beob.^ v. 1888-1891, pp. 84-85.) 

Discovered iSgi, November 22. 
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L. O. plate, 1890, August 31, 14^ 25", P. S. T. Age= 16 days 18 hours; (i +). 
To the north of Picard. 

In the southeastern part of Mare Crisiujn lies the crater Picard. From this 
crater there runs a broad, but not deep, rill-formation toward the north. At a 
distance somewhat greater than a meridional diameter of Picard it divides into 
two branches ; the entire system resembles a Greek A in shape. Its entire length, 
counted from the north wall of Picard^ is two meridional diameters of this crater. 
West of Picard^ and pretty near the foot of its outer wall, there is a rill which 
runs in a meridional direction in almost the same longitude as Picard. (See 
Prager Astr. Beob.^ v. 1888-1891, p. 85.) 

Discovered 1891, December i. 

L. O. plate, 1891, October 12, f" 29"* 9', P. S. T. Age = 10 days 2j4 hours; (i +). 
In Longomontanus. 

A rill-like formation of but little depth runs westerly from the central mount- 
ain across the entire interior of this wall-plain. It lies nearly in a meridian from 
the south wall as far as the middle of Longomontanus; then it bends sharply and 
runs northeasterly up to the north wall. Its entire course is marked by bright 
walls. Its breadth is, on the average, i hn. A second rill begins at a crater of the 
southwest wall (the crater toward which Schmidt's crater-rill B leads) and runs 
as far as the southern central-peak, first passing the crater drawn by Schmidt in 
this place. This second rill intersects the southern part of the rill first named 
nearly perpendicularly from the middle of the southern central-peak. An obvious 
rill-valley runs in a northwesterly direction past the northern central-mountain. 
There seems also to be a short rill in the southeastern interior, in which place it 
cuts obliquely and nearly in a meridional direction the row of four small craters 
there laid down by Schmidt. 

Discovered 1892, January 31. 

L. O. plate, 1888, August 27, P. S. T. Age = 20 days; (i). 

In the eastern interior of Walter. 

This plate shows two hollow depressions, filled with shadow, between the 
crater e and the horseshoe-shaped elevation connected with the mountain summit 
/3 (Neison). Let us call the southernmost a, the other, b. a lies half way between 
e and the height ^, is very nearly round, has a diameter of 2.8 hn.^ and shows a 
central, very black point, 0.51 km. in diameter, b lies near to /?, is an oval, with 
the major axis in the direction e (3, and is somewhat larger than a. Near tf, to the 
southwest, there are two more small depressions, whose dimensions are each about 
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1.3 km. All four of the depressioiis just described are connected with fine rills, 
which lie in a direction normal to the Sun's rays. The most obvious rill in this 
neighborhood runs, with various flexures, between a and b, and then northerly 
from 6 and /3. In its northern course, it passes several small craters. The 
Lick plate of 1892, November 10, 14'' 54" 31', P. S. T., shows the crater-depres- 
sion a to be counected, by means of a plain rill, with the small crater drawn by 
Schmidt on the east wall of the crater f; and from this latter point several rill- 
formations appear to radiate. The Lick plate of i8gi, July 14, 8'' 16"" 26', P. S. T., 
exhibits, moreover, an obvious crater, with an interior shadow aud a bright wall, 
nearly half way between the crater A (Maedler) and the northernmost crater of 
the series of craters lying west of e. Its diameter is 2.8 km. It would lie on 
Schmidt's map. Section VIII, somewhat to the left and above the figures 18 in 
the interior of Waller. There is a second crater, somewhat smaller, to the south- 
east; and, finally, a third crater, southeast of the second, at a distance of almost 
oue diameter of A, The diameter of the third crater is 1.6 km,, aud several rills 
radiate from it. The existence of the first crater is fully verified bj- the Lick 
plate of 1888, August 15, upon which its bright wall and interior shadow are 
shown. 

Discovered 1S92, February 6; 1894, May 22. 



Between Petavius, B, and Santbech, 6, in Mare Fiecundilatis. 

A long rill extends nearly easterly from the east wall of Petavius., B (some- 
what to the south of its center), to the northwest wall of Sanibech, b. It runs 
somewhat to the south of an elevation which lies half way between Petavius, B, 
and Sanlbech^ b. (An obvious crater, which we shall call w/, lies farther to the 
south of the elevation referred to.) The rill appears in most of its course only 
as a bright line (usually well defined), because its direction lies parallel to that 
of the Sun's rays. A branch rill runs, in the region northwest of Santbech., b., 
through the series of craters there situated, and extends farther toward the west, 
in a line nearly parallel to the first rill. A third rill has the same origin (at the 
east wall of Pelavius, B) as the first rill, and runs toward the northeast. A short 
rill runs to the north from the crater tn. Schmidt has drawn a tong-shaped 
elevation northeast of Petavius., B, and farther to the east two craters, which are 
only slightly smaller than m. The photograph shows a third crater, whose 
diameter is 1.5 km.., southeast of Schmidt's two craters, and near to them. 

Discovered 1892, February 11. 
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L. O. plate, 1888, August 27, P. S. T. Age = 20 days; (i +). 

In and near the crater He 11^ B. 

A rill runs through the entire eastern half of the crater //<?//, B, in the 
direction of the prolongation of the eastern border of an elevation which is 
connected to this ring-plain on the south. The rill is slightly convex toward the 
west. There is a small obvious crater nearly in the middle of the rill, on its 
eastern shore. To the southwest of the crater Hell^ B, at a distance of ]/^ of the 
diameter of this ring-plain, there is a well-defined crater, with a strong inner 
shadow and a bright wall, whose diameter is 1.6 km. Schmidt has mapped, to the 
northwest of Hell^ B, a large crater in the position Long. — 5^.0, Lat. — 29°.7. 
The photograph depicts this as a very dark point, surrounded by a dark area, 
which gradually shades oflF, the point being the center of an obvious conical 
mountain. This summit-crater is 0.5 km. in diameter, and according to other 
Lick plates, lies in the center of a larger crater, whose diameter is 3.9 km. A fine 
rill runs through the summit-crater nearly in the direction of the meridian. 

Visual Verification. The rill through Hell^ B, was verified by GaudibeRT on 
September 2, 1893, 4*^-5*' A. m., after several unsuccessful attempts. On the 
following night the rill could no longer be seen, and in general it is to be 
described as being optically difficult. (See English Mechanic^ 1893, December i, 
p. 328.) 

Discovered 1892, March i. 

L. O. plate, 1888, August 27, P. S. T. Age = 20 days; (i). 

To the northwest of the crater Hell. 

Schmidt has drawn a large crater, c^ in the line connecting Hell and //if//, B. 
West of the middle of this line Schmidt shows a semi-circular elevated formation. 
The photograph depicts, near the place of the latter, a large, round, dark spot, 
with wall-like surroundings. It appears to be a crater of 3.7 km. diameter. Let 
us call it X. In the middle, between x and f, there is another smaller crater of 
1.3 km. diameter, with a fine rill east of it. Between c and :r, but nearer to ^, all 
the photographs plainly show a long elevation running outwards from Hell^ B. 
This elevation is not given by Schmidt, however. 

Visual Verification. M. Gaudibert, to whom I communicated the above 
description, succeeded in seeing the object :r as a depression, surrounded by low 
walls, on September 3, 1893, ^^ 4^ 45*" ^- ^^-j after some previous unsuccessful 
searches. (See English Mechanic^ 1893, December i, p. 328.) 

Discovered 1892, March i. 



i 
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L. O. plate, 1888, August 27, P. S. T. Age = 20 days; (i +). 

To the south of Birt. Thebit, B. 

On Schmidt's map, Section VIII, there lies an easily seen crater (let us call 
it i) southeast of Birt^ in Long. — io''.44, Lat. — '2^-V)- Northeast of 1 there is 
a slightly smaller crater, which we may call 2. Finally, there is a third crater, 3, 
to the south of i, which is only half as large as the latter. West of the line 1-3 
the photograph shows an obvious, unknown crater (a'), with au inner shadow and 
bright wall, whose diameter is 1.78 km. x is nearest like crater 3, but appears to 
be not so deep. The exact place of x is defined by the statement that x, 3, and i 
form au isosceles triangle with the base 1-3, the side .r-i being slightly greater 
than the distance 1-2. 

Two different plates show to the east of x a faint, curved, rill-formation, 0.7 
km. in width, which appears to extend to the ring-plain Birt. From the crater i, 
a rill, passing through several small craters, also runs toward Birt. Between 
crater i and the line joining Biit with Birt^ b (Neison), He four craters of about 
the same size (diameters 1.9 ^;«.) in the form of a trapezium. Of these Schmidt 
has only drawn two, but these are not correctly placed. 

These four craters can be found by joining i with Birt., then i with Biri^ 6, 
and by dividing each of these lines into three equal portions, thus obtaining four 
points of division. By going a little west from the two division-points of the line 
j~Biri, we come to two of the four craters; and by going a little east from the 
two division-points of the line i-Birt, b, we come to the other two. Fine rills 
pass through these four craters. 

P'isuat Veri^cation. The crater .r was seen by G. Witt, in Berlin, on October 
13, 1893 (ill the last quarter), and by T. G. Elger, in Bedford, on December 27, 
1892 (first quarter). The latter observation was confirmed by W. H. M.\w, in 
Kensington. (See Astronotnische jVachriehten, no. 3130, p. 159; Siriits, 1S94, 
February, p. 34, and Memoirs of the British Astronomical Association, vol. II, part 
II, p. 44. In the last-cited work, however, my description of x is not understood, 
and consequently the conclusion there given is incorrect.) In addition it should 
be remarked that x is easier to make out, photographically, in the last quarter 
than in the first, and this may be said to be the case visually, also. 

Discovered 1892, March i. 



L. O. plate, 1888, August 27 P. S- T. 4f^ = 20 days; (i +). 

In Ptolemy. 

The crater A, in the northern interior of Plokmy, has a small crater on its 
southeast wall. To the east of and near A lies a large, leaf-shaped rill-formation, 
with its point direrted toward tlie northwest. The breadth of the leaf is about two 
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diameters of A, and its length is about three diameters. Its west side appears to 
be parallel to the meridian. The axis of the leaf makes an angle of some 40° with 
the meridian. The Lick negative of iSga, November 10, 14" 54"' 31", P. S. T., shows 
near to the center of Ptolemy a large, circular crater-ring, with at least four crater- 
pits on its periphery. The diameter of this ring is 14.3 k>}t. Within it there is a 
smaller, nearly concentric, ring of 5.3 km. diameter, and within the latter ring, 
somewhat to the east of its center, Hes a crater of 1 km.., which is the crossing 
point of several fine rills. The craters A, t/, and the last-named crater form a tri- 
angle, approximately isosceles, whose base is A-rf, and whose altitude is somewhat 
greater than twice the diameter of A. Indications of the crater-ring, and of the 
crater-pits belonging to it, are to be found on other plates also. Toward the east 
border of the interior of Ptolemy there lies a cup-shaped hollow, similar to that 
north of A. Let us call it e {as in the Afemoirs of the B. A. A., vol. II, part II, 
plate i). From the center off six or eight rills radiate to all sides. One of them 
runs to the crater i/, and continues on the other side of d, in a northerly direction, 
as far as the wall. This rill, e-d, is confirmed by other photographic plates. South 
of d, and near to it, lies a crater 2.4 km. in diameter. According to the photographs 
the interior of Ptolemy contains many otlier similar craters, as well as different rills 
and lines of elevation, which cannot be well described without a diagram. 

Visual Verification. Gaudibert verified the existence, by his observations of 
March 14, 1894, in the interior of Ptolemy, of several shallow depressions, subject, 
however, to rapid changes of visibility. 

Discovered 1892, March i; 1893, December. 

L. O. plate, 1888, August 27, P. S. T. Age = 20 days; (1). 

In Alphonsus. 

In the western parts of the interior of Alphonsus there are several rills 
between the well-known rill, laid down by Schmidt on the northwest border, and 
the central mountain. One of them goes from the place where the erater-rill from 
Arsachel breaks through the wall of Alp/ionsus, runs next toward the northeast, and 
then bends toward the west base of the central mountain, where it terminates. 
A second rill originates east of the southwestern dark spot (in this place it also 
shows a faint connection with the first rill), goes northwesterly, and then winds 
its way nearly parallel, on the whole, to Schmidt's rill, but nearer to the latter 
than to the central mountain. In the middle, between Schmidt's rill and the 
central mountain, lies a third rill, which runs northwesterly and joins the second 
rill. This third rill is particularly interesting on account of its sinuosities, and 
because it seems to turn aside to avoid a low hill. Northeast of the central 
mountain, and at a distance of a diameter of this mountain, there is a small crater, 
which is to be found on several photographic plates. 

Discovered 1892, March i. 
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L. O. plate, iS88, August 28, P. S. T. .-^^c = 21 days; (i +). 

Eratosthenes. 

At the western base of the central mountain there is a plain rill. Imagine a 
meridian drawn through the center of this mountain. The rill begins at the south 
of the mountain, in the meridian, goes from there in a semi-circular arc around the 
southwest and west borders, and stretches alongside the mountain in its northern 
course. It ends north of the central mountain in a small crater, near the meridian 
line before described. In the southwestern part of this rill there appears to be a 
branch rill toward the southwest. 

South of this branch there lies, at the border of the floor, a minute crater of 
0.5 km. diameter, from which rills radiate. According to the Liek plate of August 
27, 1888, there is shown on the inner northwest wall, along its whole breadth, a 
remarkable wave-shaped rill, with a southeasterly course, which turns aside from 
the elevations of the wall (forming the bouudary of the shade of the transverse 
elevations in that locality), and which, after an inflection toward the south, 
debouches in an oval formation at the foot of the wall. Its course can be followed 
to the middle of this formation. The western longer side of the latter lies on the 
inner border of the wall, and is r.6 km. in length by 1.2 km. in width. In the 
direction of the entrance of the rill into this formation, still another short rill- 
branch toward the north is shown. A part of the serpentine rill described, 
together with the oval formation, can be certainly seeu on the Lick plate of 1893, 
August 3, 15" 23" 13", P. S. T. 

The interior of EratosUtenes shows several minute craters ; among them is one 
on the inner north wall, nearer to the crest than to the foot, whose diameter is 
0.5 km. From this crater two fine, nearly parallel, lines extend toward the south. 
According to the last-named plate there is, to the north of Eratosthenes in Mare 
Imbriniii, a crater not drawn by Schmidt, which may be described as follows: 

North of the mountain U'oi/, in the eastern Apennines, there is a mountain 
formation {x) resembling a ring-plain. To the south of x lie two obvious craters, 
the westernmost of which I shall call A, and the other a. Southeast of A (Z lie 
three small craters, almost of the same size. Call the westernmost of the three, b. 
Now, bisect the line a .... b^ and measure off this distance from a in the same 
direction, toward the northwest, and we arrive at the (new) crater, whose diameter 
is 2.5 km. The reality of this object is verified by a second Lick plate of 1891, 
July 14, 8" 16"' 26', P. S. T. 

Discovered 1S92, March 11; 1894, May 23. 
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L- O. plate, 1890, September 22, 8" 3", P. S. T. Agf=?, days 20 hours; (i +). 
To the northwest of Hyginus. 

To the east of Boseovkh^ at a distance of one diameter of Boscai'ich, there is 
an obvious crater (let us call it c) of 4.2 km. diameter. Maedler has drawn it in 
exactly the correct position. It is missing in Schmidt's map. South of c, near 
the Hyginus-nM, lie the two craters called a and 6 by Klein. Call the middle- 
point between a and b^ m. Then, according to the photographs, and also according 
to Maedler, the distance »/.... Hyghms is almost the same as the distance 
m . . . . c, and the angle of elongation for Hyginus and c, seen from m is 110°. 
Northeast of Hyginus^ at a distance of almost two //i;f/H«i'-diameters, there lies, 
on the western shore of the great rill, a plain crater of 2.1 ktn. diameter, from 
which several rills radiate. According to the Lick plate. i8gi, July 13, 8" 24" 57', 
P. S. T., one of them runs to Klein's crater, N. This rill branches, however, at 
the distance of one //j;f7'«Hj-diameter from the great rill, toward the northwest. 
It traverses, to the south of the A-rill, which lies near y (Neison),* in a westerly 
course, the two long elevations which lie nearly parallel to the northern Hyginus- 
rill, and divides, exterior to the western elevation, into two parts. One of these 
parts goes through the crater c : the second part goes north of c, at the distance 
of a //lyi'wwj-diameter, as far as Boscovich. To the north of e this second part 
agaiu subdivides and sends out a rill-branch, still very plain, parallel to the north- 
east wall of Bosiovich. The eastern leg of the A-rill shows a rill-like prolongation 
in a northeasterly direction, which runs as far as the great Hyginus-T-dS.. North- 
east of Hyginus there lies, beyond the eastern shore of the rill, at a distance of 
four /^yT'««.f-diamelers, a plain conical mountain, on whose summit there is a 
crater of 1.2 km. diameter. 

Discovered 1892, July 4; 1S94, March. 



I 



L. O. plate, 1890, September 22, 8" 3", P. S. T. Age = 8 days 20 hours; (i +)■ 
In the neighborhood of Bir/. 

On the western roof of the loug straight mouutain-wall -3 there are several 
rill-like lines. A configuration forms an isosceles triangle, with the base iu the 
wall 3j and the vertex west of ;i iu the line joining Bir/ and Tfubit^ x. The base 
is three diameters of BiH : the altitude, one. The northern side of the triangle 
appears to be a crater-rill, which runs to the double crater southeast of Tfubit^ x. 
The southern side produces the impression of a shallow valley. This side extends 
toward the south to a crater on the edge of the mountain-wall, from which crater 
numerous rills radiate. To the east of the elevation, H, a rill (or a low elevation, 
it is not easy to decide which) runs to the south; at first it converges toward the 
' See Httnmtl itnii Erdt, October, i S93, p. 40, 




PUBLICATIONS OF THE LICK OBSERVATOKV. 



123 



wall /3, then, however (in the line x to A'icoUei), bends, making a knee, to the 
southwest, as far as the double crater just nientioued. Schmidt has a crater in 
the middle, between H and the wall (i. This crater is shown to be united with the 
crater D, at the north end of the wall /?, by a rill which is most easily seen iu the 
vicinitj- of D. West of H, at a distance of two-thirds of the diameter of Bi'r/, there 
is a plain crater of 3.7 i-m. diameter, which is not given by Schmidt. According to 
the Lick negative of iSgi, July 14, 8" 16'" 26*, P. S- T,, the latter is connected, 
toward the south, to a similar c rater-formation (more extended, however), so that 
the whole makes the impression of a crater-valley. From the northern outer wall 
of Biri, a clear winding rill goes northward, and branches to the west, at a dis- 
tance of one diameter of Birf. This branch cuts through the wall 3, and runs to 
the northern side of the triangle described above. The principal branch cau be 
followed, even into the crater D. At the origin of this rill, and somewhat to the 
west of it, a small crater lies on the north wall of Biri. According to the Lick 
negative of 1893, August 3, 15" 23" 13', P. S. T., there is also another rill, which 
runs from the northwestern outer wall of Biri toward the west, cuts through the 
wall /i, and then goes, in an arc, to the south, through the gap in (3, which stretches 
westward from the so-called sword-handle. The southern prolongation of the 
well-known rill, lying east of Btri, is confirmed by the photograph, as well as the 
rill-valley which runs eastward in the same selenographical latitude as Bir/. 

The northern part of the known rill, just mentioned, has its principal course 
parallel to the mountain-wall B. Schmidt and Klein {Fuehrer am Sternen/iimmci, 
p. 417) have drawn it converging toward B, while Neison has represented it as 
diverging. Moreover, it does not end in the double crater drawn by Schmidt in 
the line D to NicoUel (which the photographs represent as a rather long crater- 
valley), but is prolonged here in two branches, two diameters of Birt farther. The 
eastern branch varies very little from the general east direction of the rill; the 
western, on the other hand, has a northwesterly direction. According to the Lick 
plate of 1893, August 3 (already cited), a clear rill runs from the crater-valley, 
above mentioned, to the north wall of Birt. This plate not only shows the small 
crater lying southeast of the crater-valley, but shows also, west of the valley, a 
somewhat larger unknown crater, whose right position is described as follows: 

Join D and Birt, d, by a right line, and divide the line into three equal parts ; 
the division-point nearest D falls on the place of the crater. This crater can be 
recognized on other plates also. According to the Lick plate of 1892, November 
10, 14'' 54" 31*, a gently curving rill runs from the south wall ol Nicollet toward 
the south, about parallel with the line of the western heights. This rill iu addition 
has, at Nicollet, a western branch, which runs through a small crater, and which 
makes a long loop with the first-named rill. These rills are confirmed by several 
photographic plates. 
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Visual Verification. The triangle above described, which is joined to the 
mountain-wall B on the west, was independently found and observed by Gaudibert 
on April 13, 1894. He conceived it to be a shallow depression of the slopes. The 
crater lying west of H may be identical with the small circle drawn by Klein. 
(pp.cii., p. 417-) 

The parts of the rill running from the north wall of BiN which lie nearest to 
this crater, were independently seen by J. Krieger on July 15, 1892, and July 6, 
1893. The course of this rill is, however, not so straight as represented in tlie 
drawing in Sirius, 1893, September, plate IX. 

Discovered 1892, July 6; 1894, March, 

L. O. plate, 1S88, August 15, . . . P. S. T. y-Z^c = S days; (i). Flammarion. 

On Gaudibert's lunar chart, the large crater lying northeast of Herschet, 
which has on its east wall the crater Moesting^ A (so important for measures of 
the libration), is called Flammarion. Northwest of the west wall of Mocstitig, A, 
at a distance of 1.5 diameters of A, there is a small, dark crater, 0.9 km. in diame- 
ter, from which three rills radiate in the general directions east, north, and 
west. The last is the longest, and extends beyond the center of Flammarion (see 
IJ Astronomic, 1S93, April, p. 133). 

Visual Verification. The small crater, above mentioned, from which the rills 
radiate, had already been seen by Gaudibert on December 4, 1S86. (See D Astrono- 
mic, 1S94, February, p. 55.) The western rill, as well as a branch of it running to 
the south (which lies west of the small crater, and which is easily seen on my 
20-fold enlarged drawing of Flammarion), was confirmed by NielSEN on April 24, 
1893, with the Copenhagen refractor. (See The Observatory, 1893, December, p. 410.) 

Discovered 1892, December iS, 



4ir<^ = 8days; (i +). 



L.O. plate, 1888, August 15, P. S. T. 

Near Flammaj-ion. 

On the north wall of Hersckel, a, lies a crater of 7.0 km, diameter, which is 
not given by Schmidt. Let us call it x. Northeast of this place, Schmidt draws 
two large craters, nearly of the same size and close together. Call the northern 
one J', The photograph shows ^y almost of the same size as x, and exhibits a con- 
siderably smaller crater attached to^ on the south. Southeast of Moesting, A, at 
a distance somewhat greater than the diameter of this crater (and west of the 
point of intersection of the forked elevation opening toward the south) lies a long 
crateriform object, which we may call ::. The major axis of s lies in the meridian, 
and is 8.3 km. long. Its character is that of a shallow crater-valley. It is not 
given by Schmidt. Maw discovered, to the west of x and near to it, a sharply 
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defined small crater, whose diameter is about one-third of that of -i*. This can 
be certainly seen on four of the Lick plates in the collection at Prague, (See 
Memoirs of (he H. A. A.^ vol. II, part II, p. 45, plate IV; V Astronomic., 1893, 
February, p. 57, and 1893, April, p. 133; The Observatory, 1S93, December, p. 410.) 

I isiial Verification, x and z have been verified by Elger, VVitt, Maw, Will- 
iams, myself, and others, and the small crater attached to y has been verified by 
Witt and Maw. 

Discovered 1892, December 18. 

L. O. plate, 188S, August 15, P. S. T. 4ff = 8 days; (i +). 

Hast of Reaumer. 

At the south end of an elevation which, at a distance of one diameter of 
Moesting, A, extends east of Reaumer, there lies a larger, very plain, crater, whose 
diameter is at least 4.2 km. This crater is lacking in Schmidt's map, which is all 
the more remarkable as it is to be found on every one of the photographic plates 
whose exposure-time is at all suitable. Its approximate position on Schmidt's 
Section I would be, Longitude = — o°.6; Latitude = — 3°.o. Near to it, and to the 
southeast, there is a somewhat smaller crater (3.2 hn. in diameter), which is like- 
wise verified by several plates. Again, two other craters, of tlie order of the one 
last named, lie north of the first crater, on the western border of the elevation 
already mentioned, at small distances. 

Visual Verification. The first named crater was. according to a letter from 
Gaudibert, ohserved by him as early as February 24, 1874, and again on May 15, 
1883. The two craters lying north of it were independently discovered by Witt, 
in Berlin, on March 25, 1893, with the 12-inch refractor of the Urania Observatory. 

Discovered 1892, December 20. 

L. O. plate, i8gi, July 28, 15" 49'" 16', P. S. T. 4^f = 23 days 8 hours; (i -f). 
To tile west of the Riphaeus Mountains. 

West of the .southern parts of the Riphaeus mountains lies the crater d, with 
a diameter of 7.6 km. Still farther west there is a crater of about the same size, 
which we shall call c, while we shall call / the crater southeast of d, at the south- 
ern end of the Riphaeus chain. On the plate cited at the head of this paragraph 
(I) there is to be found a crater of 2.3 km. diameter, joined to d on the north, 
whose reality is verified by a second plate of August 17, 1888 (II). This crater is 
missing in Schmidt's map. According to I we may characterize the following 
objects as new: A large crater-pit east of d., through which goes a rill in the direc- 
tion southwest-northeast; from this pit a crater-valley of considerable width runs 
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to the north. Also southwest of (Z, a plain rill-formation extends in the direction 
southeast-northwest. The crater / appears to have a minute crater on its north 
wall, which is shown plainly on II, but merely by a faint outline on I. Both plates 
show e to be larger than 6, while ScHMlDT gives the contrary relation. 

Visual Verification, The northern crater connected to d was seen by Gaudi- 
BERT on March i6, 1894, iu its correct size and place, although the unfavorable 
atmosphere did not allow him to verifj^ its crater character. (See English Mechanic^ 
1893, December, p. 328.) The above-mentioned rill-like formation on the southwest 
wall of d was verified by its course by Williams on September 4, 1893, as a fine, 
black line. (See The Observatory, 1893, December, p. 411.) 

Discovered 1893, February 19. 

L. O. plate, 1890, November 17, &■ 8" 35", P. S. T. Age^ 5 days 12 hours; (i +)■ 
In Capella. 

On the peak of the central mountain of Capella^ Gaudibert discovered a small 
crater on May 24, 1890, and on the western declivity of the same mountain, a still 
smaller crater was seen March 15, 1891. Both craters are plainly visible on the 
plate named above (I), and also on a second plate taken August 31, 1890, at 
14'' 27™, P. S. T. (II). The summit-crater has a diameter of 1.34 km.^ the lateral 
crater one of 0.76 km. Both Lick plates are iu good agreement in showing, 
moreover, in the eastern vicinity of the summit-crater, a minute crater of only 0.51 
km. in diameter. The plate I also shows in the western neighborhood of the same 
Gaudibert crater, two small, clear craters, each of 0.70 km. diameter. Also, a fine 
rill, which runs from the summit-crater toward the southwest, and which farther 
on divides into two branches, is certainly visible on both I and 11. Besides this, 
the central mountain is cut through by several rill-like or trough-like traces, which 
radiate from the summit-crater, (See U Astronomic, 1893, September, p. 332; 
Sirius, 1893, August, p. 169; Pudl. A. S. P., 1893, p. 158.) 

Discovered 1893, May i. 

L. O. plate, 1890, November 16, 5*" 53'", P. S. T. Age = 4 days 12 hours; (i +). 
Taruntius, C, 

There is a crater on the north wall of Tanmiius, which Maedler calls C. In 
the interior of C, three different Lick plates show a central formation of 2.2 km. in 
size, in whose center the Lick plate of 1890, August 31, 14'' 27", P. S. T., shows an 
excessively small crater of 0.25 km. diameter. (See Sirius, 1893, August, and Pu6- 
lications Astronomical Society of the Pacific, 1893, no. 31.) 

Discovered 1893, May 5. 
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L. O. plate, 1891, July 14, 8" 16"' 25', P. S. T. Age = () days o hours; (i +). 
In Schroder. 

On the northern interior border of Schroeter there are two crater-pits, which 
can be seen, also, on two other Lick plates. Let us call the western one x^ the 
other y. x lies somewhat farther south than /, and has a diameter of 2.3 km., 
while j'V diameter is i.t) km. Their distance apart is somewhat less than twice 
the diameter of x. A plain rill-formation is connected with x on the south; it 
traverses a considerable length of the interior of Schroder. Its direction is, in 
general, south; and it is slightly convex toward the east. This rill is also verified 
by several plates. The crater A, in the southwestern interior of Schroder, appears 
to have a central elevation. 

Discovered 1893, May r8. 

L. O. plate, 1891, October 12, 7'' 29" 9', P. S. T. Age = 10 days 2 hours; (i +). 
Near A foes ting. 

Outside of the northwest wall of Moesting there is a strongly-marked rill, 
with well-defined walls, running between this ring-plain and the crater in this place 
(called ni). Its direction is nearly meridional; and, somewhat to the north of «/, 
it divides into two short branches. In the selenographic latitude of the southern 
half of the crater ;«, it bends toward the southwest, and runs to the north end 
of the elevation ^ (which lies west of Afocsling), where, in this course, it sends 
out two short branches toward the southeast and south, respectively. Outside of 
the south wall of Moesting there is a second long rill, which there traverses the 
northernmost crater of Schmidt's crater-rill, where it appears curved, with its 
convex side toward Moesting, and in its course from west to east, runs, on the one 
hand, up to the elevated region /i, and, on the other hand, to the south of Soem- 
mering. A third rill-formation runs along the eastern interior border of Moesting, 
and goes through a few small craters. The largest of the craters lies on the inner 
northeast border, and has a diameter of 1.5 km. This rill seems to be connected 
with the second of the above-mentioned rills, which crosses the rill-crater. 

Discovered 1893, May 18. 



P. S. T. Age 9 days o hours; (1). 



L. O. plate, 1891, July 14, ... . 
In Schroeter, a. 

North of Schroeter lies the crater a. Schmidt has drawn a small crater on 
its eastern interior border. Not only was this seen on the plate cited as a sharp 
round contour of 1.4 km., but there was also discovered, on the south wall, a plain, 
circular, dark, crater of about the same size. Its diameter is 1.3 km. Three smaller 
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crater-formations, about half this size, lie on the west, north, and east walls, 
respectively. There also appear to be a few rills traversing the crater a. 

Discovered 1893, May 30. 

L. O. plate, 1893, August 3, 15** 23'" I3^ P. S. T. Age=^2\ days 22 hours; (i +). 
Between Reaumer and Aloesting, 

A 24-fold enlargement from the plate above cited, of the neighborhood of 
Flammarion^ shows the following ten craters in the north, northwest, and northeast 
of that crater. None of them is given by Schmidt. For each crater I give 
below, the selenographic longitude (west is positive) ; the corresponding latitude 
(north is positive) according to the meridians of Schmidt's chart ; and. the diame- 
ter, <y, in kilofneters: 

1. Long. — 3°-95; Lat. — 0^.7 ; ^==3.5. This lies in the selenographic latitude 
of the center of Moesting^ and west of it by three of Moesting^s diameters. 

2. Long. — o°.25'; Lat. — 0^.5 ; <5 = 3.4. It lies southeast of Reaumer^ B. 

3. Long. — 7°.i; Lat. — i°.8; <5=3.3. It is situated in the middle between 
Moesting and the crater Moesting^ b^ to the southeast. 

4. Long. — 2^.65; Lat. — 0^.7; 5 = 2.7. This object is probably a crater, but 
it is not possible to be quite certain. 

5. Crater-pit, lying north of Schmidt's crater, in Long. — 0^.55; Lat. = i°.45 
(outside of the northeast wall of Reaumer), The diameter of the pit is 2.4 km. 

6. Crater-pit, lying northwest of Schmidt's crater mentioned in § 5. (J = 2.4. 

7. North of crater i, and about a diameter of this crater distant from it. 
8 = 3.2. 

8. Long. — i°.4; Lat. — 1^.3; S = 2.1. There seems to be a similar crater, of 
the small size, south of 8, on the western declivity of the elevation here situated. 

9. Long. — i°.7; Lat. — 0^.9 ; 5 = 1.8. 
10. Long. — 2°.2; Lat. — 0^.4 ; S = 1.8. 

Craters i, 2, 3, 4 can be well seen on the Lick plate of 1891, July 14, 8^ 16™ 
26", P. S. T. I and 2 are also visible on many other plates, i is very plain, and 
is but little smaller than the crater which lies on the inner north border of 
Flammarion, No. 8 is difficult on the plate above cited, but, on the other hand, it 
is easily seen on that of 1892, November 10, 14^ 54"" 31^ P. S. T. 

Discovered 1894, May 23. 
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L. O. plate, 1893, August 3, is"" 23"' 13*, P. S. T. A^qe = 21 days 22 hours; (i 4-). 
Southwest of Plato, 

A 24-fold enlargement of Plato and its vicinity has been made from this negative. 
There are at least six craters on the negative which are not shown in Schmidt's 
map, Section XV. Their positions and magnitudes are noted below: 

1. Long. — 5°-35; Lat. -|- 47°.45; 5^2.3 km. This crater is south of the 
double-crater ;. 

2. Long. — 6°.9; Lat. + 47°.2; 5^2.2. North of crater c Connected with 
it, to the west, there appears to be a somewhat smaller crater, 5 = 2.0. Between c 
and 2, also northeast of c^ there may be several craters scarcely half so large. 
A rill-formation goes from c toward the north up to the elevation K; another runs 
to the northwest in the direction toward /. 

3. Long. — 5°.3; Lat. -l-46°.25; <S = 2.3. This lies southeast of Schmidt's 
group of three small craters on the west slopes of the height m^ in this place. 

4. Long. — 5°.3; Lat. -f 46°.55; 5 = 1.5, This lies north of the object No. 3, 
also on the west slopes of m. A somewhat larger crater, 5 = 2.3, seems to be con- 
nected to No. 4 on the west. 

5. Long. — 6°.i5; Lat. -f 45°.65; (5 ^ 2-0. This lies on the southern crest of 
the eastern branch elevation oim. 

6. Long. — 6°.9; Lat. +45°.2; S^ 2.0. This also lies on the southern crest 
of the branch elevation mentioned under No. 5. 

Craters i, 2, and 3 are also shown in the Lick negative of 1892, November 10, 
14" 54" 31', P. S. T. ; crater i especially well. 
Discovered 1S94, May 24. 

The 24-fold enlargements, made at Prague (Moon's diameter, X feet), are 
admirably suited for the discovery of new features on the Moon. It is only 
necessary to enlarge the same region of the Moon from different original plates, 
and to carefully compare the different enlargements among themselves, and with 
Schmidt's chart. Formerly, the study of the Lick plates demanded a «'earisome 
examination with magnifying eye-pieces, each giving but a relatively small field of 
view, of the necessary sharpness; now, however, the process is carried back to the 
much more convenient examination of a sufficiently extended landscape with the 
unassisted eye. Each enlargement affords such discoveries in considerable num- 
bers; and also enables the positions of Schmidt's 2-meter chart to be improved. 
These corrections will not be published until the corresponding plates are issued. 
I may add here that, by such comparisons, I have lately found a large, crater-Hke 
depression, of 6 km. diameter, in the middle of Archimedes^ which has been con- 
firmed by GaudibeRt's visual observations; that the interiors of Archimedes and 

Vol. m— 1 
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Plato contain fine rills, which need an at:curate study; and that the Lick nega- 
tive of 1893, August 3, 15'' 23" 13^, P. S. T., shows to the south of Archimedes^ 
between the elevations A and -J, a sinuous rill-formation with many branches, 
which runs into a sunken valley. This seems to be of the same character as the 
rills, previously referred to, in the southern interior of /'clavius, in the western 
interior of Afilhonsus, and on the inner northwest wall of Eratosthenes. 



CONCLUSION. 

After I had once satisfied myself of the high value of the Mount Hamilton 
plates to selenography, my sole aim, in the work which has been presented in the 
foregoing chapters, has been to exhibit what these plates did, in fact, contain. 
This has been attempted in various manners: By the extremely laborious method 
of enlarged drawings; by direct enlargements by photography; and by the most 
assiduous comparisons of different plates between themselves. I feel that I may 
confidently leave it to the reader to decide if I have been successful in my attempt. 
That I have spared no pains in this, will be realized by any one who may go over 
the same ground after me. If any one should doubt the interpretations here 
given of the negatives, I ask that he should spend as much time in their study as 
I have done, and that the examination should be made in an equally thorough 
manner. Such a study will, I am confident, lead to the judgments which I have 
formed as to the extreme value of the splendid negatives of the Lick Observatory. 

These negatives constitute, in fact, a very considerable step forward in the 
field of lunar topography, not only on account of their faithfulness and truth 
as representations of the Moon's surface, but also because it is now possible for 
the selenographer to study this topography in the most convenient and thorough 
manner from a series of such pictures which exhibit all the various phases. 

It is precisely on this account, namely, that the photographs of the Moou in its 
various phases can be studied (// o»c time, and that it is not necessary to wait, as in 
visual observations, for a desired phase to present itself; it is precisely on this 
account that the photographic method presents priceless advantages. It is not by 
any means to be concluded that visual observations of the Moon are no longer 
necessary. The very difference of the optical and chemical efficiency of the 
rays of light calls for visual observations with the telescope, to compare with the 
photographic representations. 

To supply the needs of selenography both methods must be perfected, and 
each must support the other. 



Prague, 1894, June 6. 




L. Weinek, 



PART II. 



REPORT ON SPECIMENS OF CROWN AND FUNT GLASS 



BKlrONGING TO THE 



LICK OBSERVATORY, 



AND 



MANUFACTURED BY THE MESSRS. FEIL. 



By C. S. HASTINGS, Ph.D., 

Professor of Physics in the Sheffield Scientific School of Yale University. 



October, 1887; April, 1889. 



REPORT ON SPECIMENS OF CROWN AND FLINT GLASS BELONGING TO THE 
LICK OBSERVATORY, AND MANUFACTURED BY MESSRS. FEIL. 



By C. S. HiSTiNGS, Ph.D., 

Professor of Physics in the Sheffiehl Scientific School of Yale Ui 



VARIETIES OF GLASS. 

In June, 1S83, the writer received from Mr. Plum, of the Trustees of the Lick 
Observatory, a piece of glass which he had obtained from Keil in Paris, as a 
fragment of the material of the great objective. A prism was made of this by 
Mr. Brashear. It is denoted by g in the following table of densities. At the 
same time a large piece of flint glass, said to be a portion of the material used 
iu the Vienna objective, was given me; marked x in the table. In November, 1885, 
a rough crown prism and a disc of flint were sent me from Madison by Professor 
HoLDEN. They were marked (doubtless by the manufacturer) 1734 and 1588, 
respectively. Iu the table of densities this flint is indicated by a and the crown 
by b. On December 5th a box from Cambridge was received containing two 
crown discs marked 1734, one flint disc marked 1588, and an irregular piece of 
crown marked 1720. The flint disc is indicated in the table by c, the crown discs 
by rfand e, and the irregular fragment by_/". The numbers proper to the material 
actually employed in the construction of the great objective are unknown, but 
they are believed to be fliut 1588 and crown 1734; Feil, however, writes that the 
*'third disc," sent about April i, is 1720; first crown sent September, 18S5, is 1743; 
and flint 1588. It will be noticed that the number 1743 does not occur elsewhere, 
and is without doubt a mistake. Finally the Messrs. Clark received a large box 
of glass from Feil late in July, 1SS5, with some small discs, said to be of the same 
material as the large objective, but unmarked. Of these the Cl-4RKS took a crown 
and flint, and constructed a 4j^-iuch objective as a preliminary step iu the con- 
struction of the great one.* 

•Note by E. S. Holdkn. — From copies of letters from the Messrs. Feii. to the Messrs, Clark, 
in my possession, I find that about 1882, April, the flint disc of the 36-inch objective was made. 
It is No. 15S8. This is from the same /ante as the flint lens of the Nice objective made by the 
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In order to find which of these materials enters into the construction of the 
objective, it was first necessary to find whether the numbering of the pieces in 
my possession was consistent. For this purpose the specific densities of all the 
pieces were determined. This method was deemed sufficient, since this constant 
diflFers notably in diflferent specimens of optical glass rated commercially alike. 
Their values are as follows : 



specimen. 


Number. 


Sp. Den. 


1 

Variety 


a 


15.S.S 


3.621 


flint 


b 


1734 


2.509 


crown 


c 


1588 


3.620 


flint 


d 


1734 


2.512 


crown 


e 


1734 


2.510 


crown 


f 


1720 


2.571 


crown 


% 


• • • 


3.710 


flint 


X 


• • • 


3.653 


flint 



Of these, a and c are obviously the same, and were both marked 1588. The 
number 1734 was common to b^ d^ and e; f is No. 1720, while g and x are at once 
disposed of. 

The conclusion is: ist, that the flint of the great objective is No. 1588; 2d, 
that the crown is No. 1734; 3d, that the crown 1720 was that to be used for the 
purpose of correcting the objective for photography. If any doubt remains con- 
cerning the crown glasses, it can be readily eliminated by weighing the crown 
lens and calculating its density, since the two varieties difier in density by nearly 
2^ per cent. 

II. 

PRISMS. 

A prism was made of each of the three varieties of glass in question. For 
crown 1734 alone was there a piece quite large enough for the purpose, the rough 
prism yielding a finished 60° prism, with circular faces of 3.4 cm. diameter. The 
best that could be made of the irregular fragment of crown 1720 was a 60° prism 

Messrs. Henry. The crowns 1720 and 1734 were made about the same time, and probably are 
of the same fonte. 1734 (not 1743, as Keil writes, by a clerical error) was chosen as the crown for 
the 36-inch objective. 1720 was sent to the Clarks, on approbation, as a photogpraphic corrector, 
and broke in their hands. In July, 1885, 4^ -inch discs, which Feil reported to be the same as 
1734 and 1588, were sent to the Clarks, and were by them made into an objective. Finally in 
August or September, 1887, crown 1937 was secured for a photographic corrector; and a plate of 
this was sent to Dr. Hastings in October, 1888. The 4 j^ -inch objective spoken of above is in the 
possession of the Lick Observatory. 
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of 2.4 cm. aperture. Of the flint 1588 a satisfactory prism of like angle and 
aperture 2.6 cm. was made by cutting two triangular pieces from one of the 
discs and cementing them together. Only rigidly flat faces in the smaller prisms 
would secure the requisite definition, namely, that the D line should be so clearly 
separated that it would be easy to determine the angle of deviation for either 
component.* 

in. 

INSTRUMENT. 

A reduction of a considerable series of observations made with the spectrom- 
eter belonging to the physical laboratory of the Sheffield Scientific School showed 
that it would be impossible to obtain the desired accuracy without a more exact 
reading than that from the mean of the four verniers. The telescope and colli- 
mators were therefore adapted to a new circle of glass, reading by two micrometer 
microscopes. The circle was 21 cm. in diameter, divided into single degrees only, 
except that four degrees, separated from each other by arcs of a quadrant, were 
subdivided into 10 parts. As both the telescope and the table which carries the 
prism may move independently of the circle, it is always possible to have one end 
of the arc to be measured fall near a degree mark, and the other within one of the 
subdivided degrees. The micrometer microscopes were provided with screws of 
sixty threads to the inch, having heads divided into 100 parts. The microscope 
objectives were of such focal length that one revolution of the screw corresponded 
to approximately one minute of arc, and the magnifying power was about 220. 
The power is without doubt unnecessarily high, but the flatness and adjustment 
of the plate were such that it was not found inconvenient. The probable error of 
a single setting of either microscope was found to be a little less than a half 
division of the head, /". e., than ± o".3 ; but as the errors of pointing with such 
small apertures were considerably greater than this, as well as the variations due 
to slight changes in temperature and barometric pressure, the readings were made 
to half divisions only. 

In dividing the circle no care was taken to secure great accuracy, because 
it was proposed to determine the absolute error of every line. There are 
therefore large systematic errors, rising to 42", but the probable accidental error 
is about 5" only. It is to be emphasized, however, that all errors not eliminated 
by the mean of the readings of the two microscopes are treated as accidental 
errors, hence all the measured angles given below are corrected by the amounts 
derived from the investigation of the circle. 

•These prisms were returned to the Lick Observator>' i" 1887, November. E. S. H. 
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Tlie method of determiuiug the errors of the divisions was as follows: Two 
auxiliary microscopes, placed at opposite sides of the circle, were firmly attached 
to the iron base of the instrument at a convenient angular distance from the fixed 
microscopes ■ then, by bisections and trisections of the arcs, the errors of all 
diameters at intervals of five degrees were, determined to a degree of accuracy 
expressed by a probable error of o".5. In order to eliminate errors due to 
character of the illuminatiou, the readings were made with the fixed microscope 
reading the desired angle, then reading again with the circle turned iSo°. At 
every change of the auxiliary microscopes the errors of run of all the screws were 
re-determined, although those of the fixed microscopes were practically constant. 
Periodic errors in the screw were found to be insensible, as would be anticipated 
from the construction of the micrometers and the high power of the objectives of 
the microscopes. 

Frequent checks were obtained by forming equations of condition from the 
sums and di£Fereuces of arcs thus determined, and if a residual as large as i" 
occurred (a very unusual case), the arc or arcs were re-determined. After thus 
determining the values of every fifth degree line with the accuracy indicated, the 
corrections for all the angles used in the observations for the indices of refraction 
were obtained by five repetitions by means of the auxiliary microscopes, taking, 
of course, all the precautions described. If the angle happened to be an aliquot 
part of the circle, it was repeated to a return to the same line. Here again, 
equations of condition for all lines but the last one measured, were obtained by 
adding each arc to the interval o to i and comparing the sum to the value derived 
for that sum by direct observations. These operations were continued until the 
probable error of the determination was reduced to o".2. It may be noted here 
that afterward, when a suspicion of error which arose in comparing the indices of 
the different prisms led to a re-determination of two of the lines, the corrections 
found did not differ in either case by as much as o".i from those already accepted. 
The origin of the suspicion was an erroneous temperature correction. 

The objectives of the telescope and collimator of the instrument have 
apertures of 2.7 cm. and focal lengths of 25 em.; the focal length of the collimator, 
however, was virtually increased about three times by the use of a concave lens so 
as to improve the character of the spectral lines. The magnifying power uniformly 
used in pointing on the Fraunhofer lines was 40.5, which, though unpleasantly 
great, was found to yield a little greater precision than a lower power. At the 
beginning of the observations it was found necessary to protect the telescope-tube, 
by a paper screen, against radiation from the face when reading the microscopes. 
This precaution would have been less indispensable if the tube had not been 
unusually thin. 
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ANGLES OF PRISMS. 

In the determination of the prism angles the fixed collimator was replaced by 
the telescope, which carried a guasi-coWhudXin^ eye-piece giving a power of 19. 
The peculiarity of the eye-piece is that it gives a bright reflection from the surface 
of the prism without any admixture of light from the surfaces of any of the lenses 
of the telescope.* By means of a plate of glass with plane and parallel sides the 
line of coUimation of the telescope was rendered strictly perpendicular to the axis 
of the instrument, and then the axis of the prism table was adjusted so as to be 
accurately parallel to that of the instrument. Replacing the glass plate by a 
prism, the latter was adjusted by the proper leveling screws, so that the polished 
surfaces were parallel to the axis; then the supplement of the angle of the prism 
was determined by reading the position of the circle, first, when one face reflected 
the image of the line in the colHmating eye-piece to the eye, and then when the 
other was in the same position. As the prisms had purposely been ground to an 
angle very near 60°, it was only necessary to repeat the angle three times in order 
to eliminate all errors of graduation. The table below gives the results of these 
observations ; that is, the differences observed between the supplement of the angle 
of the prism and 120°. No observations were rejected. 





Crown 17*3, 


Crown 1734. 


Mint 1588. 




— ■4'-7> 


+ 57--96 


+ 48'." 




15-72 


58.82 


48.83 




18.09 


56.48 


48.44 




18.24 


+ 56.84 


50.63 




20.03 




+ 50.35 




18.78 








■7-37 








14.92 








13.84 








.4.64 








16.22 








.3.26 








— 12 .91 






■»">"-"= "°" 


— 16.06 ± 0.42 


+ 57.97 ±0.36 


+ 49.27 ± 0.34 



• This eye-piece and the method of using it are given in a paper on the Influence of Tempera- 
ture on the Optical Constants of Glass. Amer. Jour. Sci., vol. XV, p. 269. 
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The angles (a) of the several prisms are therefore: 

Crown 1720; 60° o' i6''.o6 ± o".42 
Crown 1734; 59 59 2 .03 ±0 .36 
Flint 1588; 59 59 10 .73 ±0.34 



V. 

OBSERVED ANGLES OF DEVIATION AND RESULTING INDICES OF 

REFRACTION. 

In order to determine the double angle of deviation corresponding to a 
selected Fraunhofer line, the prism was carefully adjusted on its table so that its 
sides were accurately parallel to the axis of the instrument, and at the same time 
perpendicular to the plane defined by the lines of coUimation of the telescope and 
collimator. An adjustment not less essential is that which makes the beam of 
light transmitted by the prism traverse the objectives of the telescope and 
collimator quite centrally when set for minimum deviation, both right and left. 
When these conditions were assured the approximate double angle of deviation 
was found, and then the telescope was changed with reference to the circle so that 
lines indicating the extremities of this angle would fall near the zero points of 
the two microscopes. The collimator was always focused for the particular wave- 
length measured. A series of readings was then made, and the barometric 
reading and temperature of the prism recorded with them. The following tables 
give these measures and the results deduced from them. All observations are 
included, with the exception of a group made after one side of the plate had been 
inadvertently exposed to sunshine for about half an hour. 

In these tables, the first column gives the line ; the second, half the observed 
angle; the third, the resulting index of refraction; the fourth, the barometric 
reading; the fifth, the temperature; the sixth and seventh, the corrections 
necessary to reduce to a standard pressure and temperature of 30 inches and 
20° C, respectively; and finally, the eighth, the reduced value of the index of 
refraction. The methods by which the two corrections named were derived will 
be given further on. 
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Table II. 



Crown 1720. a = 60° o' i6".o6 ± o".42. 



Line. 

1 


38' 


A 


no 


Bar. 


T. 
24.0 . 


Aiii 


+ 6 1 




n 


1 

1 

1 A. • . . . , 


30' 9''.02 


1 
I.515107 


! 
2995 


1 
— I 


i 

I2>) i 






9.86 


10 

1 


29.95 


24.1 

1 


I 


+ 6 


15 


1 
1 






14 .11 
9 -47 


1 

23 
08 


30.30 
30.45 


14.0 
21.5 


+ 4 
+ 7 


10 

2 


17 
13 


1 

1 

^1.515116-*- 0.9 






II .52 


^5, 


30.45 


21.5 


+ 7 


— 2 1 

1 


^20 




i 




II .11 

1 


14 


30.45 


21.5 


+ 7 


— 2 ! 

1 


I9J 


1 1 

B . . . . i 


38" 


1 

40' 35^82 


1.5 17089 


30.20 ^ 


23.2 


+ 3 


1 

+ 5 , 


97' 


1 




35 .69 


88 • 


30.45 


22.5 


+ 7 


+ 4 ' 


99 > 1.517097-1- i.o 


1 




34 .10 

i 


83 


30.45 

1 


22.5 

1 
1 

24.2 


+ 7 

1 


+ 4 


94J 


c 


38° 


46' o'.iy . 


1.518113 


29.95 


I 


1 

+ 6 


18^ 






I .67 
45 55 -66 


117 
098 


29.95 * 
30.45 


24.5 
22.0 


I 

• +7 


+ 6 1 
+ 3 


Qg > 1.518115:^2.2 i 

1 

1 






56 .59 


lOI 


30.45 


22.0 


+ 7 


+ 3 


D, . . . ^ 



39 


0' 24^59 


1.520837 


2995 


23.7 


— ^ J 


+ 4 


40] 


1 

\ 
1 


1 




31 .46 


59 


2995 


23.7 




+ 4 


62 




1 




27 .65 


47 


29.95 


23.7 


■m 


+ 4 


50 








29 .16 


52 


29.95 


23.7 


T 


+ 4 


55 


^1.520850 -^ 1.8 


1 




27 -43 


46 


29.95 


23.7 




+ 4 


49 


I 


' 




24.77 


38 


30.45 


20.5 


+ 7 


+ I 


46 




1 




25 .88 


41 


30.45 


20.5 


+ 7 


+ ° 


48 J 


' 


.5614 • • 



39 


7' 46''.49 


1.522228 


1 

29.95 


25.4 


1 

I 


+ 6 


33^ 


1 






50.81 


41 


29.95 


25.4 


I 


+ 6 


46 


1 






49 .12 


36 


29.95 


25.5 


I 


+ 6 


41 








55 .16 
49.48 


55 
37 


30.35 
30.35 


18.7 
18.8 


+ 5 
+ 5 


_ 


[59] 
41 


> 1.522239-^ 1.0 






48 .72 


35 


30.35 


18.9 


+ 5 


1 


39 








46 .88 


29 


30.45 


21.0 


+ 7 


+ I 


37 


i 






47 .57 


31 


. 30.45 

1 


21.0 


+ 7 


+ I 


39>' 


£).... 


39' 


18' 52^13 


1.524318 


: 30.35 


19.3 


+ 5 




22>| 


1 






55 -51 


29 


30.35 


19.4 


, +5 




33 








53 .14 
54.50 


22 
26 


30.35 
30.35 


19.4 
19.4 


; +5 


— 


26 
31 


> 1.524326 -^1.5 






50.47 


13 


, 30.45 


21.5 

1 


: +7 


+ I 


21 








50.47 


13 


' 30.45 

1 


21-5 


1 +7 

1 


+ I 


21^ 





I40 
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Table II — Continued. 



Line. 


A 


no 


Bar. 


T. 


+ 5 


A»n 


n 


F 

A • • • • 



39 


35' 6^47 


1.527371 


30.35 


19.3 


— 


76^ 


1 

1 

1 
1 






8 .09 


77 


30.35 


19.4 


+ 5 


— 


82 




1 




7 .26 


74 


30.35 


19.5 


+ 5 


— 


79 > 1.527379 -^0.7 


' 




5-96 


70 


30.45 , 


21.5 


+ 7 ■ 


+ I 


78 




1 




6 .86 


72 


30.45 

1 
1 


21.5 


+ 7 


+ I 

1 


80J 1 

i 


G • . . . 




40 


5' 47^51 


1.533118 


29.95 


24.6 


I 


+ I 


i8^ 






47 -33 


17 


29.95 


24.7 


— I 


+ I 


17 


i 






43-58 


06 


30.45 


21.5 


+ 7 


+ 


13 


>.i.533ii4±i.i 


' 




42 .79 


03 


30.45 


21.5 


+ 7 


+ 


10 




1 
1 


40- 


42 .86 


03 
1.538290 


30.45 
30.30 


21.5 


+ 7 


+ ; 


loj 


■ 


.3956 . . 


33' 32".94 


14.0 


+ 4 


1 
+ I 


95-^ 








25 -42 


66 


30.30 


14.15 


+ 4 


+ I 


71 




r 




27 .86 

28 .15 


74 
75 


30.30 
30.45 


14.15 
21.8 


+ 4 
+ 7 


+ I 
— 


79 

82 


>'i.53828i ±2.2 






27 .36 


72 


30.45 


21.9 


+ 7 


— 


79 


i 






28 .98 


77 


30.45 


22.0 


+ 7 


— I 


83>* ; 










Table III. 














Crown i\ 


^34. « - 


= 59° 59' 2 


'.03 ± 0". 


36. 


• 


Line. 




A 


1 

no 


Bar. 


T. 


Ain 


Aan 

1 


n 


A. • • . • 


37- 


55' 22^33 


1. 5087 18 


29.87 


25.5 


— 2 


+ 8 


24^ 








22 .58 


19 


29.87 


25.6 


2 


+ 8 


25 


1 






20 .64 


13 


29.87 


25.6 


2 


+ 8 


19 








19.31 


09 


30.45 


18.1 


i +7 


— 3 


13 


^1.508721 ±: 1.3 ' 






20 .60 


13 


30.45 


18.1 


! +7 


3 


17 


■ 






28.49 


38 


30.42 


6.0 


+ 7 


; — 20 


25 


1 






27 .80 


37 


30.42 


7.0 


+ 7 


1 —18 


26J ! 


B • . • . 


38- 


5' 17^16 
17 .09 


1.510611 
II 


29.80 
29.80 


18.7 
18.9 

1 


1 

1 

1 

— 3 

3 

i 


— 2 

I 


o6l 

> 1.510606 

07 j 


c 


38' 


10' I6^Io 


1.511561 


30.45 


20.3 


+ 7 


+ 


68^ 






15.24 


58 


30.45 


20.5 


+ 6 


+ I 


65 >i.5ii565±i.5 






14.52 


56 


30.45 


20.7 


+ 7 


+ 


63J 
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Table III — Continued. 



Line. 



\ 



no 



D, 



* • • 



38' 23' 54''-02 

53-95 
61 .08 

58 .06 
57 .66 
57 .77 



1.514156 

56 

78 
69 
67 
68 



.5614 



I 38' 30' 49'.64 
48 .13 
48 .24 
48 .16 

47 -34 

48 .81 

49 .17 



.38 41 12 .20 

12 .82 

12 .64 

9.46 

II .26 

' 9 .82 



1-515472 

68 
68 
68 

65 
69 
70 

1. 5 1 7442 

43 
43 
33 
38 
34 



I 



38' 56' 2 1*. 19 1.520310 
21 .55 ' II 



Bar. 



3045 

30.45 
30.42 

30.42 

30.42 

30.42 

29.87 I 

29.87 

29.87 

29.87 

30- 18 

30.18 

30.18 

30.45 

30.45 ' 
30.18 : 

29.80 I 

29.80 

29.80 



G . . . 



39" 24 48'.6o 1.525679 
47 .52 ' 75 



30.45 
30.45 

29.87 
29.87 



.3956 . 



39 50 24.29 
26 .12 
24.65 

21 .48 

23.14 

22 .99 

22 .90 
22 .90 



1.530485 
90 
86 
76 
81 
81 
80 
81 



29.87 

29.87 
29.87 

3045 
30.45 
30.42 
30.42 
30.42 



T. 



20.1 
20.1 

8.5 
8.5 
8.5 
8.5 

25.7 
25.8 

25.9 

25.9 
26.5 

26.5 

25.0 

19.8 
20.0 
25.0 
18.6 
18.6 
18.6 



19.4 
19.5 

26.0 
26.0 



Ain 



+ 7 
+ 6 

+ 6 

+ 6 

+ 6 

+ 6 

— 2 

— 2 

— 2 

— 2 

+ 2 
+ 2 
+ 2 

+ 7 
+ 6 

+ 3 

— 3 

— 3 

— 3 

+ 7 
+ 6 

— 2 

— 2 



25.4 

25.4 

25.4 

18.5 

18.9 

6.0 

7.0 

7.0 



— 2 

— 2 

— 2 

-f 7 
+ 6 

+ 6 

+ 6 

+ 6 



Aan 

o 
o 

- 12 

12 

12 

12 



+ 
+ 
+ 
+ 
+ 
+ 
+ 



6 
6 
6 
6 
6 
6 

5 



63 
62 

72 

63 
61 

62 

76^ 

72 
72 
72 



>-i.5i4i64±: I.I 



>i.5i5474±:0.6 



73 
77 
77. 



^■~" 





49 


+ 





49 


+ 


4 


50 


— 


I 


29 


— 


I 


34 


— 


I 


30 J 



> 1.517440^:2.7 



— o 

— o 

+ 2 

+ 2 




520317 




525677 



-I 



O 

o 
I 
o 
o 
I 
I 
I 



83-^ 

88 

85 

83 

87 
86 

85 
86 y 



> 1.530485 ±0.5 
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Tablk IV. 
Flint 1588; a = 59^ 59 io".73 ± o".34. 



Line. 



A 



. . 48' 



35 .71 
32 .20 

21 .20 

22 .54 
22 .01 

30.92 

31 -34 
30 .80 , 



no 

I.618837 

43' 

33 
01 

06 

04 

29 
31 
29 



Bar. 



T. 



Ain 



Aau 



B 



■ 48- 23 38^26 
37-90 



o t 



48 34 



7 -54 
6 .96 

6 .20 



1.622262 
61 

1.624045 i 

43 ' 
41 I 



29.9 
29.87 
29.87 ' 

30-15 

30.15 

30.15 
30.20 

30.20 

30.20 

30.15 
30.15 

30.15 
30.15 
30.15 



26.6 
25.0 
25.0 
18.5 
18.4 
18.4 

24-5 
25.0 
25.0 



21.2 
21.2 



D. 



49 3 20.12 
20.30 



1.628992 30.15 
93 30.15 



20.3 
20.3 
20.3 

20.0 
20.0 



•5614 



E . . 



49* 18' 48''.49 
40 .25 
40 .97 ' 
39 .31 I 
23 -II i 

I 
49' 41' 49''.92 i 

50 .10 ' 



1.631601 

578 
80 

76 
30 



29.87 

30.15 
30.15 
30.15 
30.3 



24.9 

19.3 

19-3 

19.3 
14.0 



1.635468 30.15 
68 30.15 



F . . . 



50' 16' 57^I8 
56.50 



1. 641330 
28 



30.15 
30.15 



19.0 
19.0 

18.7 
18.7 



G 



51- 25' 51^82 

53-54 

53.18 
41 .16 

20 .21 



1.652709 

14 

13 
680 

23 



29.87 
29.87 

29-87 

30.15 
30.30 



24.5 
24.6 

24.7 

18.4 

14.0 



n 



— 2 

— 2 

— 2 
+ 2 
+ 2 
+ 2 

+ 3 
+ 3 

+ 3 



— 29 

22 

— 22 

+ 7 

+ 7 

+ 7 

— 20 

— 22 

— 22 



o6^ 

19 
09 
10 

15 

13 
12 

12 

10^ 



>i.6i88i2±o.8 



+ 2 
+ 2 



6 
6 




622258 



+ 2 
+ 2 
+ 2 



— 2 

— 2 

— 2 




±0.8 



+ 2 





+ 2 





— 2 


29 


+ 2 


+ 4 


+ 2 


+ 4 


+ 2 


+ 4 


+ 5 


+ 35 




628994 



70^ 

84 

86 
82 
70J 



>• 1.631578 ±2.3 



+ 2 
+ 2 

+ 2 
+ 2 



— 2 

— 2 

— 2 
+ 2 

+ 5 




— 37 
-38 
-38 
+ 13 
+ 49 



74 

73 > 1.652674 

[95] 
77' 



± 1.0 
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A 


Table IV 


— Continued. 






Line. 


no 


Bar. 


1 
T. Ain 

26.1 — 2 


Aan • 

-56 




n 

• 


•3951 • • 


52' 31' 46^.70 


1.663438 


29.90 


[80]^ 


i 




34.18 


404 


29.87 


24.9 — 2 


—45 


57 




1 


9.59 


338 30.15 


18.4 + 2 


+ 15 


55 






10 .31 
43-93 


339 30.15 
430 30.30 


18.4 + 2 
277 + 5 


+ 15 
-71 


56 
64 


?• 1.663358 H- 0.7 




41 .16 


423 30.30 


27-7 ' + 5 


— 71 


57 






41 .56 


424 i 30.30 


: 27.7 +5 


71 


58 






41 .70 


425 


30.30 


. 27.7 1 +5 


—72 


58 J 


1 



The three values in these tables, which are included in brackets, cannot be 
reconciled to the other values of their corresponding quantities, and are rejected 
in deriving the mean. Ample justification for this course will be found in the 
section which treats of the probable accuracy of this work. 



VI. 

REDUCTIONS TO MEAN BAROMETER. 

In any medium of refractive index //', the observed index of refraction « of a 
medium having an index //, in a vacuum, is given by the equation 



whence. 



n 


^ 




■> 


dn 






/< 



dj^i 



/^ 



*r 



If /i' refers to air, the law of refraction in gases gives 

//'=>& B + I 
where ^ is a constant, and B is the barometric height, whence 

"^^^ —k 
dB~ ' 

and the product of these two diflFerential coefficients is 

dn f u k y 

dB — ^v' — « ;r. '^^a^iy- 

For the line D, when B is measured in inches, 

^D = .982 (10-*), 



i 
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and for a value of B == 30, 

/I'd =1.000295, 

hence for this line and barometric height 



(TQ 



= .981 (10"^) «D- 



The values for this coefficient for the three varieties of glass in the order 

tabulated are : 

No. 1720; — .149 (lo"^) 

No. 1734; —.148(10-^) 

No. 1588; —.160(10-*) 

These, then, taken with the opposite sign and multiplied by the barometric 
height diminished by 30 inches, are the corrections to be applied to the observed 
values of «d to reduce them to normal atmospheric pressure. 

Within the limits of the observations, the greatest deviation from these values 

k . . 

in B is 0.45; in -7^ is .01 ; and in n is .0115,. 108, and .0211, respectively. We may, 

therefore, apply the corrections indicated as a constant throughout the spectrum. 



VII. 
REDUCTIONS TO MEAN TEMPERATURE. 

In a paper cited above I have shown that the variations in the optical 
constants of glass from varying temperature may be considerable, and that the 
variation is largely dependent upon the wave-length. Within the errors of 
observation the law was found to be of the form 



In order to find the values of the constants for the three varieties of glass 
here discussed, equations of condition were formed of the form indicated by taking 
the individual values of n reduced to mean barometer, which were observed at 
diflferent temperatures, or a value derived from the mean of n and T when several 
observations were made at nearly the same temperature. The values of A« and 
aT employed are given in the following table, together with the normal equations 
derived from them: 
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No. 1734; yT^™ — 1.88 + 0.286 -^2 
No. 1588; ^^=2.53 + 1.05 p 

The corrections to a mean temperature of 20° C, given under Ao« in tables II, 
III, and IV, are calculated from these equations. 



VIII. 
ACCURACY OF ACCEPTED VALUES. 

Some of the values of the various indices of refraction given above are derived 
from a small number of observations, closely accordant it is true, but not free from 
suspicion on that account. In others we have rejected certain values (three in all) 
which show a discrepancy much greater than we ought to expect from the prob- 
able error of a single observation. Finally, although the method of measurement 
described in Section III would seem to exclude all constant errors due to errors of 
graduation, a mistake in the Fraunhofer line selected, as for example in the line 
E, which, in the case of a crown glass prism of the small size used, is by far the most 
difficult line to set upon, does not seem wholly impossible. Thus, an independent 
test of accuracy is desirable. I have shown in a paper on Triple Objectives with 
complete color correction,* that the index of refraction of one kind of glass can be 
expressed as a trinomial function of that of another not too unlike it, with a 
degree of accuracy greater than that of direct measurement. Thus, if we express 
the index of refraction for No. 1734 as a function of that of No. 1720, and the 
mean diflFerence between the observed values and those calculated from the 
formula connecting the two is not greater than we ought to expect from the 
probable errors attached to the individual values, we may be confident that the 
probable errors of our observations cannot be far wrong. By this method, also, 
we are certain to detect a large error in any accepted value, as well as to justify 
the rejection of the three discordant values of our tables. 

The form of the function connecting refraction indices («') of one kind with 
those {n) of another, was taken as 

«'= a + ^« + cn^. 
For convenience of computing, we may modify this equation to 

Making n' refer to the reduced indices of refraction of No. 1720, and n to those of 
'^ Am, Jour, ScL, vol. XVIII, 1879, p. 429. 



U7 

No. 1734, we write nine equations of condition of the latter form: the resultant 
values of a, ii, y, deduced by least squares, are 

« = — o.iS, 

/^ = (io-') 5-075. 

y =(10''") 6.26. 

By the substitution of these values in the equation above, we may compute values 
of («' — «*a) — (k — Ka) with which to compare the observed values. 



(«■-«■«)- 


-(»-".) 


A 


Oba. 


Calc. 


O-C 


0. 


— o.a 


+ 0.3 


98. 


98.0 


0.0 


■55- 


149.0 


+ 6.0 


291. 


294-5 


— 3-5 


370- 


37<>-9 


-0.9 


491. 


490.0 


. + 1.0 


668. 


673.7 


— 4-7 


1043. 


1040.6 


+ 1-4. 


1401. 


1400.7 


+ 0.3 


Sum, — 0.2 



If we regard these differences as due to errors of observation only, and there 
is no indication of the existence of a systematic difference, we can compute the 
probable value of a single difference from this table. If we call this probable 
difference ^^ we find, since there are three constants in the expression, 

A = 0.674 V— 6'^- = ± 2.33- 

But if we accept ± 1.7 as the probable error of each definitive value of both n aud 
«', we ought to expect, according to well-known laws of probability, 

A = ± 2.40. 
The accordance of these two values is highly satisfactory, and, since in every case 
corresponding indices in the two glasses were measured by different lines on the 
circle of the spectrometer, it necessarily excludes all constant errors except such 
as might arise from small constant errors in the measured values of the angles of 
the prisms. Such errors, however, are hardly possible, since these angles were 
determined independently of the errors of graduation. This accordance also amply 
justifies our rejection of the discordant value iu table II. 

A similar test for the indices of No. 1588 cannot be obtained from these obser- 
vations alone, since a trinomial expression is inadequate to express relations of 
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the optical constants of two materials widely diflFerent. A formula with a larger 
number of arbitrary constants might be found to express these relations to any 
required degree of accuracy, but for the purpose in view such a formula would 
be much less useful. This becomes obvious when we reflect that we derive our 
confidence in the estimated values for the probable errors, from the agreement 
between the differences of the observed values and values calculated, with what 
the laws of probability would lead us to expect; but we can regard as fortuitous 
differences only a number equal to the whole number of arbitrary constants in the 
empirical formula. Thus, if the number of arbitrary constants were equal to the 
number of observed indices, the differences would all be zero, and no conclusion as 
to the probable errors could be drawn. 

I have preferred, therefore, to express the values of the indices for No. 1588 
as a function of those of a closely similar glass, flint 1237, the optical constants 
of which I have given in the paper cited above. In this glass 

«A = 1.615258, 

which, with the numbers below, is all that is necessary to find all the values 
employed. The probable errors may be taken as ±2.8 as a mean. If n' refers to 
No. 1588, the constants of the formula 



are found to be 



► — (« — «a) 


as 


-a + fi{n 


— «A) + y( 


n — nj,y 


a ^ 


— 2.08, 




/3 = 


(io-») 1.992, 


r = 


-(io-«): 


2.165. 


IS comparable 


with the calculated values 1 


1 

(«'— «'a) — (« — «a) 

1 


A 


Obs. 

1 


Calc. 


— C 




0. 


1 


— 2.1 


+ 2.1 




- 2. ' 

1 


+ 4-5 


6.5 I 


7- 


7.7 


-0.7 1 


19- 


15.9 


+ 3-1 ■ 


23. 




19.8 


+ 3-2 


29. 


25-1 


+ 3.9 

1 


30- 


31.8 


1.8 ! 


34- 


40.5 


-6.5 




47- 




+ 43.7 


+ 3-3 




Sum, — 0.1 
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From these values of ^ we find the mean probable difference 



f,- .674^3 



■±3-2i 



But if ± 2.8 is the probable error of any one value of «, and ± 1.5 that of any 
one value of »', the mean difference which we ought to expect is ± 3.i8. We 
may then regard the accuracy as estimated directly from the observations as 
worthy of great confidence. 

IX. 

SUMMARY. 

We may here collect the results of the observations, attaching to each value 
of the observed index its probable error. In those cases where the probable 
error does not appear in tables II, III, and IV, we supply it by calculating from 
the mean probable error of a single observation, divided by the square root of the 
number of observations upon which our accepted value rests, 

Crown No. 1720; a=6o° o' i6".o6 ±o"-42; — ip = — 2.32 + 0.402-^3, 



Crown No. 1734; ** = 59° 59' 2".03 ± o".36 



Flint No. 158S; a = 59° 59' io".73 ± o".34; 



AT 

A« 
AT ' 

Ak 
AT ■ 



+ 2.53 + 1.05 ^. 



Line. 


No. 1730. 


No. 1734. 


No. 1588. 


A . . . 


1.515116^0.9 I 


508721 ± 1.3 


1 
1.618812 + 0.8 1 


B . . . 


1. 5 17097 ± I 


1 


510606 + a.a 


1.623258+ 1.8 , 


C . . . 


1.518115 + 2 


2 I 


511565^ 1-5 


1.624043 ^ 0.8 


D,. . . 


' 1.520850+1 


8 I 


514164+ I.I 


1.628994:1 1.8 


.5614 . 


1 1.523239 ± I 


I 


515474 ± 0-6 


1.631578 + 2.3 


B . . . 


' 1.534326 - I 


5 1 


517440 + 2.7 


1.635476+ 1.8 


P . . . 


1.527379^0 


7 > 


520316 + a.a 


1.641340+ 1.8 


G. . . 


1.5331 14 ± I 


I I 


525677 + a.2 


1.652674+ 1.0 


■3956 ■ 


1.538281+2 


2 I 


530485 i: 0.5 


1-663358 2; 0.7 



ISO 
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DETERMINATION OF THE OPTICAL CONSTANTS OF CROWN 

GLASS No. 1937. 

The density of this glass, of which the history is giveu in another place, was 
found to be 2.525, lying thus between that of the crown glass of the visual objective 
and the crown 1720 which was broken. It will be found that its optical constants 
are also intermediate. 

As the plate of glass was not sufficiently thick for a useful prism, the neces- 
sary size was secured by cementing together two pieces, as in the case of the flint 
1588 prism. The aperture of the prism as finished is 3.0 cm. 

The same instrument and method as described above gave the following 
values for the refracting angle a: 



i8o' — a - 

i 

1 


120 — 3'43^20 

42 .12 

43 -68 


a — 6c 


1 

)• 3' 43''.oo 



The determinations of the angles of refraction were made in precisely the 
same manner as those of the other glasses, consequently the table containing the 
results of observation needs no explanation. Since, however, no observations 
were made to determine the temperature coefficient of this material, all observa- 
tions were made at about the same temperature, and, as nearly as convenient, at 
20° C, the reduction then being assumed as the same as that for crown 1734, which 
it resembles closely. 
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Table VII. 
Crown 1937. « = 60* 3' 43".oo. 



Line. 



A 



no 



Bar. 



T. 



i A ! 37\S8' 



5 .97 
I -95 
5 40 
6.75 
8.43 



> 1-508353 



29.9 
29.9 
30.0 
30.0 
30.0 



B 



38' 8' 



I2\63 
12 .28 

14.44 

14.36 
16 .85 



i c 38-13' 24^66 

1 

24 .06 



>• 1.5 10284 




5^267 



t>3 38^ 27' 27''.I3 i 

26 .44 

26.53 



1-513933 



.5614 38' 34' 32^63 ; 

33 -44 I p" 1-515279 
31 .98 



E 



38- 45' 4^82 ^ 

4.97 
6 



-64 r'' 
.16 J 



7274 



29-9 
29.9 

29.9 

29.9 

29.9 

29.9 
29.9 

30.0 
30.0 

30-0 

29.9 

29-9 
29-9 

29-9 
30.0 

30.0 

30.0 



21.5 

21.5 
20.0 

20.0 

20.0 



22.0 
22.0 
21.0 
21.0 
21.0 



22.0 
22.0 



21.0 
21.0 
21.0 



22.0 
22.0 
22.0 



21.0 
22.0 
22.0 
22.0 



Ain 



A^n 



— I 

— I 
o 
o 
o 



— I I 



I 
I 
I 
I 
I 



o 
o 
o 



I 
I 
I 



I 
o 
o 

o I 



+ 2 
+ 2 

o 
o 
o 

+ 2 

+ 2 

+ 1 

+ 1 

+ 1 

+ 2 
+ 2 



+ I 

+ I 

+ I 

+ 2 

^■ 2 

4 2 

-I- 1 

+ 2 

-I- 2 

-4 2 
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..I 





"> 


> 1-508353 




> 






> 


> 1. 5 1 0284 



.511268 



I -5 1 3934 



1.515280 



> 1.517276 



F , 39' o' 45^82 ,^ 

44 -72 ■ 
44.51 



G 



•3951 



> I 520233 



45 .73 J 



I 



! 39 30 I .19 
2 .95 



1-525741 



39' 56' 33"- 15 ^ 

31 -55 ■ \ 1.530700 
28 .99 



29.9 

29-9 

29-9 
29.9 



29-9 
29.9 



29-9 
30.0 

30.0 



22.0 
22.0 
22.0 
22.0 



21.5 
21.5 

21.5 
22.0 

22.0 



I 
I 
I 
I 



I 
I 



o 
o 



^- 1 

-I I 
-I- 1 
+ 1 



o 
o 



o 
o 
o 



^ 



\ 



J 



1.520233 



•525740 



1.530700 
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The probable errors of the tabulated values of n for crown 1937 are about , 
the same as those values for the other glasses; for, although the number of 
observations is less, the variation of temperature and barometric height during 
the observations was very small. A systematic comparison between the indices 
for this material and the quite similar crown 1734, shows a very satisfactory 
accordance, with the exception of the index for E, in which an error in the 
fifth place is indicated. I have already remarked on the difficulty of determining 
this index for crown glass with a moderate sized prism, but it is tolerably safe to 
assume that the larger 1937 prism is the less liable to error, and thus, if it ever be 
worth while, to correct the corresponding values for 1720 and 1734 by it. 

C. S. Hastings. 
Sheffield Scientific School^ New Haven^ 1889, April. 
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INVESTIGATION OF THE GLASS SCALE A 



OK THE 



LICK OBSERVATORY MEASURING ENGINE. 



By O. H. TITTMAN, 

Assistant in the U. S. Coast and Geodetic Survey. 



Vol. 111-20 



United States Coast and Geodetic Survey, \ 

Office of Weights and Measures, 

14, 1890./ 



Washington, D. C, February 



Prof. T. C. Mendenhall, Superintendent U. S, C. and G. Survey^ and of Weights and 
Measures : 

Dear Sir: Herewith I submit the results of the comparison of the Lick 
Observatory glass scale A, forwarded to this office by Professor Holden, and 
referred to in his letter of December 17, 1889. 

Most of the comparisons were made by Mr. L. A. Fischer, Adjuster, Weights 
and Measures office; some by Mr. F. H. Parsons, Sub-Assistant; and some by 
myself, all the work having been done under my direction. 

Yours respectfully, 

O. H. Tittmann, 

Assistant C. and G. Survey. 



REPORT ON THE COMPARISON OF THE LICK OBSERVATORY 
GLASS SCALE "A." 



By O. H. Tittman. 



The scale is ruled on a piece of glass about S inches long, o.6S inch wide and 
O.II inch thick, which rests and slides on a brass frame having an inlaid silver 
scale, which is numbered. 

The lines of the glass scale are about 0.02 inch apart and 0.13 inch long. 
They are of uniform length and unnumbered, and the parallel silver scale is 
designed to identify the individual divisions of the glass scale, but as the silver 
scale could not be used with our comparing apparatus, a paper scale suitably 
marked and temporarily fastened lengthwise on the glass served the same 
purpose. 

In all the comparisons that line of the glass scale which is nearest the letter 
A, engraved on the underside of the glass, was called zero, and the other lines 
were numbered consecutively in the record from o to 300. 

The observations were all made about midway between the top and bottom of 
the graduation. When "the scale" or '*the length of the scale" is spoken of in 
this report, the space o to 300 is meant. 

The absolute length of the scale was determined by comparison with the Brass 
Foot of 18S0 (Fi-iHo), the value of which, in terms of the British Imperial yard, is 
well known. The observations, made by mj'self, are as follows: 



February 
February 3. 

February' 3 
February 4, 
February- 4 



The coefEcient of expansion of the scale may be assumed equal to .000008 for 
1° Caj, and that of Fibsq is .000018 for 1° Cwy ■ 



Temp. CHy. 


Rev. Micr. 3. 


P. M. tg'.6i 


Scale =J4 Fiasn— 3.985 


A.M. I6\26 


3-875 


p. M. i6°.67 


3.922 


A. M. I7-.86 


3-921 


M. t8°.32 


3.978 


Means, i7°.74 


Scale=;^ Fjfcso — 3-936±95 
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The value of i revolution of micrometer No. 2 ^0.001225 inch. Reducing 
to 1 6^.67 Cny, we have 

Scale = ^ Fi8«o— 3-883 zb 0.0095 rev., 
but at 16^67 Chj, 

^ F = 5.99991 inch; 
hence, at 16^.67 Cny, 

Scale = 5.99515 ± I.I. 

Since the probable error of this comparison appears to be very small, it is 
permissible to ascribe a larger one to the absolute value of the scale ; in accordance 
with general experience, we may write therefore at 1 6^.67, 

Scale =5.99515 db 5- 

Having determined the absolute length of the scale, the corrections to the 50, 
100, 150, 200, 250, and 300 division-marks were determined in terms of the scale 
itself by Hansen's method elaborated by Dr. Broch, late Director of the Interna- 
tional Bureau of Weights and Measures. 

The comparisons were made on Saxton's dividing-machine by Mr. L. A. 
Fischer, Adjuster, Weights and Measures office. 

Five sets of comparisons were made on diflFerent days. Each value given in 
the following abstract is the mean result of five comparisons. 

The method consists in comparing the separate spaces, indicated under that 
heading in the abstract, with an'auxiliary space, approximately equal to the space 
compared. The auxiliary intervals are symbolized by the letter A, and the given 
numerical unit of the observed diflferences is the one ten-thousandth of an inch. 

Results of the Comparison of the Scale 
Within Itself at i6'.8 C. 



1 

space. 


Space. 




to 50 — Ag — 12.2 


to 150 — A4 


25-1 


50 to 100 = Ag — 16.3 1 


50 to 200 — A4 


— 29.0 


' 100 to 150— A e 17.3 


100 to 250 — A4 


28.8 


150 to 200 — Ag — 16.6 1 


150 to 300 — A4 


— 21.2 


200 to 250 — Ag — 16.1 




1 


250 to 300 — A e 9.9 

1 


to 200 — A3 


— 42.6 




50 to 250 = Aj 


— 45-9 : 


to 100 = Ag — 17.3 


100 to 300 — A3 


— 397 


50 to 150= Ag — 22.4 






100 to 200 — A 5 — 23.2 


to 250= A2 


— 53-4 


150 to 250— A 5 22.1 , 


50 to 300 — A2 


— 514 


200 to 300 — A 5 — 14.9 

1 




1 
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Adjusting these observations, we obtain the following corrections and their 
probable errors, the numerical unit being as before, one ten-thousandth of an inch : 



Diviaions ou 


Scale. 


Corrections. 









00.00 


-t ' 


50 




_ 


2.42 


±0.09 


100 




— 


0.98 


0.08 , 


15" 




+ 


1.67 


0.08 


200 




^- 


3-61 


0.08 


250 




+ 


4.86 


0.09 


300 






0.00 





Substituting the absolute value of the scale and its probable error as previ- 
ously found, we obtain the absolute values of the spaces with their probable errors 
as giveu in the appended final table. 

For the purpose of finding the values of the spaces from zero to the 10 divis- 
ion-mark on the scale and to multiples of 10, a centimeter stop of the Saxton 
dividing-machine was utilized. By means of it the o to 20, 20 to 40, 40 to 60, 60 
to 80. and So to 100 spaces were compared with each other four times. 

The correction to the 100 division-mark, previously found, was assumed to 
have determined the position of the mark with absolute correctness on the scale, 
as far as the adjustment of the subdivisions is concerned. The space o to 100 
having been divided into five parts by the measurement of the 20 division-spaces 
above described, the position of the 20, 40, 60, and So marks on the scale became 
known. The spaces 100 to 200 and 200 to 300 were each similarly divided into 
five parts, and thus all the even multiples of 10 were determined and entered in 
the table. 

The position of the 10 division-mark was determined by comparing the spaces 
10 to 30 and 30 to 50 with a 20 division-space before determined. By subtracting 
the values thus found from the 50 division-mark, the positions of the 10 and 30 
marks became known. The spaces 50 to 150 and 150 to 250 were then each 
divided into five parts, as described for the even multiples of lo, and thus the 
uneven multiples of 10 become known. 

Having thus determined the corrections for 30 spaces of 10 divisions each, it 
remained to establish the inter-relation of the single division-spaces. This was 
done by putting two sets of parallel threads, a little less than 0.02 inch apart, into 
the focus of the ocular of micrometer B of the Blair comparator (magnifying power, 
50-60; value of I division = ,00001329 inch) and by measuring the spaces. Put- 
ting the distance between the sets of parallel threads = x^ the space on the scale 
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when viewed through the microscope appeared = to ;r+^ number of divisions 
measured. The object in fixing the threads a little less than a scale space apart 
was to avoid contrary signs in the record, and thus to insure accuracy and to 
simplify the calculation. 

Each space was measured first by Mr. L. A. Fischer, and subsequently and 
on diflferent days by Mr. F. H. Parsons. As the result of the measures, equations 
were established for each 10 division-space, of the following form : 

10 x + a=nio — «o» 

10 X + d=^ Hoo — «io, 

where x is the distance between the sets of parallel threads, assumed constant 
during the time occupied in measuring 10 spaces, and^, ^, etc., the observed excess 
of the spaces over 10 ;r, n the division-marks on the scale with their index num- 
bers. For the value of a single space 



10 10' 



//.)(, — ^10 i_ ^ 

etc., etc., 

where 2 is the excess of the space over x. 

The values of the spaces thus obtained have been entered in the table which 
gives the distance from zero to each division-mark on the scale, at 16^.67 Centi- 
grade hydrogen scale. 
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The table gives the distance from o division to any division-mark on the 

scale at 16^.67 Centigrade. 

Let So be any such distance at i6°.8 C, and St be the same distance at / 

degrees. 

St = So (i+o.cxx)oo8 (/— 16^8)) 
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SPECTROSCOPIC OBSERVATIONS OF NEBUL.E. 

By James E. Kebler. 



INTRODUCTION, AND REVIEW OF PREVIOUS OBSERVATIONS* 

In No. II of the Publications of the Astronomical Society of the Pacific^ I gave 
a preliminary account of spectroscopic observations of a number of planetary 
nebulEB, in which it was shown that some of these bodies have a considerable 
motion in the line of sight. The present paper contains a full account of these 
observations, and of many others which have since been made, with examples to 
show the degree of confidence to which they are entitled. Numerical values, 
which are believed to be very near the truth, have been assigned to the motions of 
a number of the brighter nebulse, and the wave-lengths of the principal nebular 
lines have been determined with as much accuracy as possible by means of the 
best modem optical appliances. 

Owing largely to the researches of Professor Lockver, the spectral analogies 
which are presented by the various classes of celestial bodies have, in the last four 
years, received more attention than astronomers had formerly given them. The 
principal lines in the spectra of the nebulae may probably be regarded as the 
signature of the earliest stage of stellar development, and although their full 
significance is at present unknown to us, they must always be of the highest 
importance in the study of celestial spectrum analysis. They have been identified, 
perhaps somewhat hastily, with lines in the spectra of " temporary " stars, and 
they may possibly appear periodically in the spectra of well-known variables, a 
point which may well be made the subject of future investigation. As it is how- 
ever impossible, or at least scarcely practicable, to bring the spectrum of a nebula 
into juxtaposition with that of any other celestial body under observation, it is 
important to know the exact positions of the nebular lines with reference to the 

• In this section, wave-lengths are given, as orighially determined, in Angsthom's scale. For 
reasons which will be given in the proper place, I have adopted Rowland's system of wave-tengths 
in reducing my own observations. 
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spectra of the common metals, in order that the comparison may be conveniently 
made, and its error due, as nearly as possible, solely to the comparison itself. 

In this section of my paper I desire to give a brief history of previous observa- 
tions of the spectra of nebulae, so far as they relate to the positions of the principal 
lines. While it is possible that some observations may have been overlooked, I 
believe that all the more important papers on this subject are mentioned in the 
following review. 

The bright-line character of nebular spectra was discovered by Dr. HuGGiNS* 
in 1864, and the approximate positions of the principal lines were determined by 
him at the same time. The principal line appeared to coincide with the brightest 
air line, a coarse double, the mean position of which is A 5003. The second line 
was a little less refrangible than the strong barium line at A 4934. The third and 
faintest line seen at the time of discovery was coincident with the H^ line of 
hydrogen. As this position of the third nebular line has since been abundantly 
confirmed, and the presence of hydrogen in the nebulae is now undoubted, no 
further observations of the third line need be mentioned. 

In 1865, SECCHif observed the Orion nebula with a spectroscope of small 
dispersive power, and made a rough sketch of the spectrum, in which the positions 
of the lines are mere eye-estimates. 

The second paperj by Dr. HuGGiNS on the spectrum of the nebulae gives an 
account of observations made with apparatus somewhat more powerful than that 
used in 1864, two prisms of 60° each being employed. The principal line still 
appeared to coincide with the double nitrogen line, and the comparison was stated 
to be trustworthy within the limits of about the breadth of the double line D; that 
is, within about 6 tenth-meters. 

Dr. HuGGiNS at that time considered that the principal nebular line was 
probably due to nitrogen, a view which was strengthened by the observation that 
when the nitrogen spectrum was sufficiently dimmed, the bright line at A 5003 
alone remained, and it could no longer be recognized as double. 

The middle, or second line, could not be identified with any terrestrial line. 
It was observed to be by a very slight amount less refrangible than the line of 
oxygen at A 4953, and in a rather larger degree less refrangible than the barium 
line at A 4934. 

In 1868 Lieutenant Herschel§ made some measures of the position of the 
chief line in the spectra of a number of nebulae, mainly in the southern hemi- 

* Phil, Trans, ^ 1864. 
f Comptes Rendus^ vol. 60, p. 543. 
\PhiL Trans, ^ 1868, p. 541. 

§ Proc, Roy, Soc,^ vol. 16, p. 451. These observations were reduced by D' Arrest, who published 
the results in 1872. 
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sphere, but with apparatus so deficient in optical power that the numerical results 
were less satisfactory than the previous ones of HuGGlNS. The range of the 
different values obtained for the wave-length of the principal line is as much as 
100 tenth-meters. 

Spectroscopic observations of nebula were made at Harvard College Observa- 
tory in 1868,* the positions of the principal lines being only roughly determined. 

In 1871, Professor VoGEi-t observed a number of different nebulfe with the 
refractor at Bothkamp, and determined the positions of the brightest lines iu their 
spectra. The chief line was observed to coincide with the double nitrogen line; 
its wave-length by measurement was 5005.3, the different values obtained having 
a range of about 6 tenth-meters. The wave-length of the second line was found 
to be about 4960. I have examined these measures to see if there is any evidence 
in them of the small displacements which were subsequently detected at the Lick 
Observatory, but it is evident that the whole range of these small differences of 
position is less than the probable error of the Bothkamp measurements. Professor 
VoGEL detected the second line in the spectrum of the ring nebula in Lyra. 

In 1872, Dr. HuGGlNS,! employing more powerful apparatus than in 186S, 
compared the principal line in the spectrum of the nebula of Orion with the double 
nitrogen line, and found that the nebular line apparently coincided with the lower 
component of the nitrogen double. According to this observation, the wave-length 
of the nebular Hue would be A 5005. Notwithstanding the want of coincidence of 
the nebular line with the middle of the nitrogen double. Dr. HuGGiNS was still 
disposed to regard the nebular line as due to nitrogen, and ascribed its displace- 
ment to recession of the nebula from the Sun. Measures of the secoud Hue placed 
it at A 4957, near a strong iron line, and its origin was regarded as unknown. A 
fourth line in the spectrum of the nebula was coincident with the H^- line of 
hydrogen. All the lines were very fine and sharp. 

In a paper communicated to the Royal Society in 1874,$ Dr. HuGGlNS gives 
the results of further observations of the spectrum of the nebulae. The chief 
line was apparently coincident with the middle of the less refrangible line of the 
double line of nitrogen. A line in the spectrum of lead was found to fall almost 
exactly upon the lower component of the nitrogen double, and as it is fine and 
sharp, while the nitrogen lines are broad and hazy, it proved to be more suitable 
as a fiducial line of comparison. The chief nebular line was very slightly less 
refrangible than the lead line, aud hence its wave-length was slightly greater than 
^ 5004.5. ^ 

• Annals of Ike Harvard College Observalory,yo\. 13, part I. 
\ Bothkamp Beohachtungeti, Leipzig, 1872. 
I Proc. Roy. Soc., vol. 20, p. 383. 
% Proc. Roy. Soc, vol. aa. 
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Comparisons of the lead line with the chief line in the spectra of a number of 
different nebulae were made in order to ascertain whether any of the nebulae were 
moving in the line of sight, with the result that "in no instance was any change 
of relative position of the nebular line and the lead line detected." The conclu- 
sion drawn from these comparisons was that none of the nebulje could have a 
motion greater than 25 miles per second, the earth's motion at the time being 
included. 

In this paper Dr. Huggins seems to have abandoned his former views as to 
the origin of the chief nebular Hue, although no express statement to this effect is 
made. It was obviously improbable that all the different nebulje observed should 
have a motion of recession such as to bring the chief line, if due to nitrogen, into 
coincidence with the less refrangible of the two lines in the spectrum of terrestrial 
nitrogen. 

Measures of the positions of the three brightest lines in the spectra of a 
number of nebulse were made by Professor Bredichin* in 1875, but the optical 
power of the apparatus being small, the measures are not very accordant. Pro- 
fessor Bredichin concluded, however, from these observations, that in all the 
nebulae the corresponding lines are of identical origin. 

In 1880 Dr. CopelandI made some measures of the principal lines iu the 
spectra of the nebulae A^. G. C. 7026 and A''. G. C. J02j. The mean of the results 
for the chief line was A 5012; for the second line, A 4963. A single prism spectro- 
scope was used, and the wave-lengths are necessarily rough approximations. 

Measures of the brightest lines in the spectrum of the Orion nebula were 
made in 1886 and 1887 by Dr. CopelandJ at Dun Echt, giving for the chief line 
a wave-length of A 5004, and for the second Hue, A 4958. The range of values for 
the chief line is 4 tenth-meters. A faint line was detected at the place of the D^, 
or "helium," line of the solar spectrum. 

So far, no explanation of the origin of the two brightest nebular lines had been 
attempted since the abandonment of the original belief of Dr. Huggins that the 
chief line was due to nitrogen. Dr. Huggins considered the nebulae to be masses 
of glowing gas, containing hydrogen and some unknown substance or substances, 
to which the other two principal nebular lines were due. In 1887, however, Pro- 
fessor LocKYER, in elaborating his well-known " Meteoritic Hypothesis," suggested 
that the chief nebular line is due to magnesium rendered luminous by collisions 
among the swarm of meteorites which he considers to constitute the nebulse. 
According to Professor LockyeR, the magnesium fluting at A 5006.4 is far 

* Spectre des NibuUuses, Annales de V Obserx'aioire de Moscou, vol. II, p. 60. 

t Copernicus, vol. I, p. 2. 

\ Monthly Notices, R. A. S., vol. 48, p. 360. 
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brighter at a low temperature (that of the Bunsen burner) than almost auy other 
spectral line or fluting of any element whatever. The chief nebular line he 
regarded as the "remnant" of this fluting, the shading on the more refrangible 
side, and the other maxima of the fluting, being invisible on account of their 
faintness. 

This explanation of Professor Lockver's gave a new impulse to the study 
of the nebular lines. Professors LiVEiNG and Dewar* stated that the fluting at 
A 5006.3 is due to an oxide of magnesium, and that it is scarcely visible in the pres- 
ence of hydrogeu, which is admitted to be one of the constituents of the nebulae. 
They also disputed the correctness of Mr. Lockver'S statement that the fluting 
at A 5006.3 appears at a lower temperature than the characteristic triplet which 
corresponds with the chief lines of the b group in the solar spectrum. Mr. Albert . 
TAYLOR,t observing with a 12-inch refractor, found the appearance of the spectrum 
of the Onoti nebula to be consistent with Professor Lockyer'S explanation, 
although his conclusions as to the origin of the lines are scarcely borne out by 
his measurements. The wave-leugth of the chief line was 5001 ; that of the 
second line, 4953. 

In 1S89, Dr. and Mrs. HuGGlNsJ compared the chief nebular Hue with the 
magnesium fluting, using in one instance a dispersion nearly equal to that of eight 
prisms of 60". With this dispersion, which was much greater than any that had 
hitherto been used, the nebular line appeared to them to be more refrangible than 
the edge of the magnesium fluting, and in the position which they had formerly 
assigned to it. The authors quote various observations, which indicate that the 
chief line does not have the appearance of a fluting, but is fine and sharp, like the 
hydrogen lines. A list of the lines observed and photographed in the spectnim 
of the Orion nebula is given, the wave-lengths of the first and second lines being, 
respectively, A 5004.6 to A 5004. S, and A 4957.0. 

A large part of the important paper by Dr. and Mrs. HuGGlNS is devoted 
to a consideration of the photographic spectrum of the nebula of Orion, with the 
conclusion that neither eye observations nor photographs afi^ord any evidence that 
magnesium is present iu the nebulae. 

In a paperij communicated to the Royal Society in the early part of 1S90, 
Professor Lockver reviews at length all previous observations on the position 
of the chief nebular line, giving the values obtained by difiFerent observers, and 
showing that on the basis of these measurements, he was justified in regarding 



* Proc. Riiy. See, vol. 44, pp. 242 and 245. 

\ Monthly Notices, R. A. S., vol. 49 (1889), p. 124. 

I Proc. Roy. Soc, vol. 46. 

\Proc. Roy. Soc, vol. 48. Incorporated in ''The Meteoritic Hypotbesi; 




London, 1890. 
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the chief line as coincident with the lower edge of the magnesinm fluting. He 
then gives an account of some of his own observations, in which a siderostat was 
employed to reflect the light of the nebula of Orion into a fixed horizontal tele- 
scope of lo inches aperture. The spectroscope had three prisms of 45° refracting 
angle and one of 60'^. With this apparatus, which was adjusted by the aid of the 
Moon and stars, Professor LocKVER found that the coincidence of the chief nebular 
line and the edge of the magnesium fluting appeared to be perfect. 

Observations were also made on the aspect of the chief nebular line, and on 
a number of occasions the line is described as having a fringe on the more refran- 
gible side, thus resembling a fluting. Observations of other observers who had 
recorded a similar appearance of the line are also given. On the strength of the 
evidence collected in this paper, Professor Lockver concluded that the chief 
nebular line is a remnant of the magnesium fluting at A 5006.4, and re-asserted the 
correctness of his views as to the constitution of the nebnlse. 

The limits within which Professor Lockyer considered his observations to be 
trustworthy are not directly stated in this paper, although the fact that he was 
able to distinguish between the lower of the two nitrogen lines and the edge 
of the magnesium fluting, which are separated by an interval of about 2 tenth- 
meters, is some indication of the degree of precision which was obtained. The 
observations themselves give some information as to the inferior limit. On both 
November 27th and February 5th the coincidence of the nebular line and the 
edge of the magnesium fluting appeared to be perfect. This could not, however, 
have actually been the case, since, on account of the effect of the earth's orbital 
motion, the nebular line at the time of the latter observation was 0.46 tenth-meter 
less refrangible than at the time of the former. An internal of this magnitude 
was therefore imperceptible. 

On account of the publication of this paper by Professor Lockyer, Dr. and 
Mrs. HuGGINS* were induced to repeat their observations, and they obtained the 
same results as before; namely, that the nebular line is more refrangible than the 
edge of the magnesium fluting, and that it is sharply defined on both sides. The 
wave-length assigned to the chief line as observed was A 5005.0, or, corrected for 
the orbital motion of the earth at the time, A 5004.75. The observations were 
independently confirmed by Professor LiVEiNG with the same apparatus. The 
testimony of several observers iu favor of the sharpness of the chief line is also 
given. 

It will be seen from the observations and papers so far quoted, that the limits 
within which the position of the chief nebular line was in dispute had been 
narrowed to the place of the lead line used by Dr. Huggins, on the more refraugi- 
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ble side, and to that of the magnesium fluting on the less refrangible side, the 
interval between the lines being no more than 2 tenth-meters. 

The first spectroscopic observations of nebula; at the Lick Observatory were 
made a short time before the last-mentioned paper was published, at the request 
of Dr. HuGGiNS, who asked that the position of the chief nebular line should be 
determined with reference to the edge of the maguesium fluting, with the aid of 
the large spectroscope of the 36-inch equatorial, and also that the character of the 
nebular lines should be examined. 

A few comparisons were made of the chief line in the spectrum of the Orion 
nebula and the spectrum of lead, but as the observations were made under 
unfavorable circumstances and were much interfered with by clouds, I did not 
consider them as entitled to much confidence. The appearance of the lines was, 
however, carefully studied. The observations on the position of the principal 
line being indecisive, I therefore, at Dr. HuGGlNS' request, examined the spectra 
of the nebulfe G. C. 42^.f (S 5) and G. C. 4373, employing for the purpose a diffrac- 
tion grating of 14438 lines to the inch. In both of these nebulse the brightest 
line fell well above the lower edge of the magnesium fluting, with which it could 
not be made to coincide by any maladjustment of the comparison spark, the 
observations thus confirming the opinion of Dr. Huggins in regard to the non- 
coincidence of the nebular line and the terminal line of the magnesium fluting. 
There was, however, such an appreciable difference in the positions of the brightest 
line in the two nebulse that it was evident that one or both nebulas had a consider- 
able motion in the line of sight. 

Many nebulse were then observed, and in ten the brightest liue was found to be 
sufliciently bright for an accurate determination of its position. As these obser- 
vations are incorporated in the present memoir, it is not necessary to give the 
individual results, which were printed in a paper " On the Motions of the Planetary 
Nebulae in the Line of Sight."* The wave-length of the chief nebular line, from 
the mean of the ten nebula observed, was \ 5005.6S on Angstrom's scale, a result 
which is subject to some uncertainty, arising from the motions of the different 
nebulfe and the effect of the proper motion of the solar system. 

In the winter of iSgo-gr, I determined the position of the chief line in the 
spectrum of the nebula of Orion, and at the same time measured the displace- 
ment of the third line by comparisons with terrestrial hydrogen.f According to 
these observations the Orion nebula was receding from the sun at the rate of 10.7 
miles per second, and the normal position of the chief liue was A 5005.93. 

In this brief sketch of the history of previous observations on the position of 
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the chief nebular line, it has been possible to give no more than a mere outline 
of the results which are contained in the papers referred to in the text. For a 
complete statement of these results, and of other importaut observations on the 
spectra of the nebuls, the original papers must be consulted. 

The only other observations on the motions of the nebulae, besides those b}' 
Dr. HuGGiNS already mentioned, that have come to my knowledge, are those made 
at Greenwich by Mr. Maunder.* The results for the nebula of Oiion vary from 
51 miles of approach to 11 miles of recession, and are evidently lacking in the 
precision which is requisite in such measurements. From the observations of 
1884, Mr. Maunder concluded that the nebula of Orion has little, if any, motion 
in the line of sight. 

In my paper on the motions of the planetary nebulae in the line of sight, I 
said, in reference to the negative result of previous investigations: "The conclu- 
sion that the nebulEe have no motion relatively to the solar system would appear 
on 3 /r/or;' grounds to be improbable. The stars, which in general are found to 
have considerable motions in space, are, according to modern views, evolved from 
preexisting nebulse by a process of contraction or condensation, and any motion 
of translation possessed by the star must have been inherent in the original 
nebula, since in no way could such a motion have been acquired by any internal 
action during the process of condensation. The absence of motion in the nebuls 
would, in fact, if proved by observation, be a remarkable circumstance, which 
would need to be explained." t It will be shown in the present paper that the 
planetary nebula; are moving in space with velocities of the same order as those 
of the stars. 

As the measures made at the Lick Observatory are of a high degree of pre- 
cision, notwithstanding the faintness of the object.s observed, I have thought it 
desirable to give a somewhat complete description of the apparatus which was 
used, and examples in detail of each class of observations. The observations 
which have been selected for this purpose are neither those which exhibit an 
unusual accordance nor those which are unusually discrepant, but such as seemed 
to be fairly representative of the average work. 

• Greemvich Spectroscopic and Photographk Results, 1884 and 1887. 
t Publications of the Astronomical Society of the Pacific, No- 11, p. 267. 
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DESCRIPTION OF TH?; APPARATUS. 

The star spectroscope used in counection with the 36-iucli equatorial was 
made by Mr. J. A. Brashear, of Allegheny, Pa!, mainly from drawings furnished 
by myself. It is of admirable workmanship throughout, and I am indebted to Mr. 
Brasheak for various useful additions to the original design of the instrument, as 
well as for modifications which insure greater strength and rigidity of its different 
.rts. 

The spectroscope, which weighs nearly 130 pounds, is supported by two heavy 
brass rods (or tubes, as they are hollow) 3 inches in diameter and 6 feet long. 
The upper ends of these rods for 2j^ feet of their length are inserted in triple 
clamps on opposite sides of a large sleeve or collar which surrounds the tail-piece 
of the telescope tube. The collar turns on ball bearings, and is provided with 
position circle, clamp, and slow motion screws. The rods when in place are par- 
allel to each other and to the axis of the telescope, are 23 J^ inches apart between 
centers, and extend 2 feet 3 inches beyond the focal plane of the objective. The 
frame of the spectroscope is secured to the lower ends of these rods by four clamps, 
two on each side, which are so arranged that the frame cannot be strained when 
they are tightened. When the spectroscope is to be mounted, the rods are first 
inserted and secured by circular nuts on their upper ends and bj' their clamps. 
The spectroscope is then laid npou the rods and allowed to slide down until it 
reaches stops placed for the purpose on their lower ends, and its clamps are tight- 
ened, Balancing weights equivalent to the weight of the spectroscope are removed 
from the lower end of the telescope tube to complete the operation, which requires 
the work of two persons for about twenty minutes. 

The ease in which the collimator slides is supported by the main frame of the 
spectroscope, and is provided with adjusting-screws, by which the collimator can 
be directed to the center of the object-glass of the great telescope. The collimator 
can be moved in its slide, by a rack and pinion attachment, through a range of 100 
millimeters, or about four inches, its position being indicated on a millimeter scale 
by a pointer outside the case. As the stops on the lower ends of the large brass 
rods always bring the spectroscope into the same position with respect to the focal 
plane of the objective, the readings of the collimator scale which bring the slit into 
the proper position for different parts of the spectrum are always the same, varia- 
tions due to chauges of temperature not being considered. These readings have 
been determined from a consideration of the color curve of the objective* and are 
given in the following table: 
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Rbading of Collimator Scalb for Different 
Foci of the 36-iNCH Equatorial. 



1 
Ine or Wave-Length. 


Reading of Scale. 


B 


76.6 


C 


82.7 


D , 


88.0 


I 

Minimum Focus 


88.5 


b 


85.2 


^5005 


81.5 


F 


76.6 


Hr 


39-8 


Hrf 


e.s 



The eflfect of changes of temperature on these readings has not yet been 
ascertained. 

The collimator objective has a focal length of 20 inches and a clear aperture 
of i)^ inches. The lenses are thin, made of Jena glass, and cemented with Canada 
balsam to diminish the loss of light by internal reflection. 

The slit has a number of important attachments which are worthy of notice. 
It is mounted in a tube provided with a rack and pinion for focusing, a millimeter 
scale, and a clamp. The jaws are moved equally from the center by a right and 
left-handed screw, one turn of which widens the slit by -^ inch. The slit is also 
variable in length, two small slides moving lengthwise from the center just within 
the jaws, and operated by a knob, being the means by which the change is effected. 
A diagonal eye-piece is used for viewing the slit from behind and for setting the 
instrument accurately on the object which it is desired to study. When this 
adjustment is effected, the eye-piece is slightly withdrawn to allow the light to 
pass. This eye-piece is a great convenience — indeed, a necessity — when such a 
large telescope is employed, as the telescope cannot be pointed with sufficient 
accuracy by means of its finders. 

Just without the slit is the totally-reflecting 60° prism of the comparison 
apparatus. It is mounted on a slide, and can be moved smoothly lengthwise along 
the slit by a milled head within reach of the observer. When moved inward as 
far as it will go, it extends a little beyond the middle point of the slit. 

All this apparatus is protected by a large, thin tube, which screws on to the 
upper end of the collimator, and which also serves to hold the tubes for cylindrical 
lenses. Large apertures allow access to the slit, and the passage of light from the 
comparison spark. 

At the lower part of the spectroscope frame, one on each side, are the pivots 
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of the strong cross-piece into which the ohserving telescope is screwed. On the 
left (in the usual position of the instrument) is the graduated circle, 12 inches in 
diameter, divided on the edge, on silver, to 10', and read by two opposite verniers 
to 10". The circle is fixed, and the verniers are carried bj' the movable arm. 
The pivot on the right is pierced centrally by a conical hole, in which turns the 
spindle of the grating-table. This is a circular plate 4^^ inches in diameter, to 
which the grating-mount is attached. The outer end of the spindle carries a 
knob for rotating the grating- table, and a small circle, provided with a tangent- 
screw, which can be thrown out of gear. 

The Rowland grating has a ruled surface 2^'^ by 3/^ inches, with 14438 lines 
to the inch. On one side the higher orders of spectra are very brilliant. All 
necessary adjustments are provided. 

There are three prisms : one of 30°, one of 60", and one compound prism of about 
35^ times the dispersion of the latter. Each prism is cemented to a circular plate, 
or table, in which are three small foot-screws for adjusting. Two long clamping- 
screws hold the prism-table firmly against the grating-table (which is of the same 
size), and when the prism is once adjusted by its foot-screws, which are made to 
turn with some diificulty as a guard against accidental disturbance, the prism can 
be removed and replaced at any time without requiring readjustment. The grat- 
ing and prisms can thus be interchanged very readily. When a prism is used, it 
is first set carefully to minimum deviation for any part of the spectrum, by means 
of the tangent-screw on the spindle of the grating-table. A small clamp-screw is 
then turned, connecting the spindle with the tail-piece of a minimum deviation 
contrivance, and the tangent-screw is thrown out of gear. The prism is then 
automatically kept in the position of minimum deviation for all parts of the 
spectrum. If the minimum deviation clamp is not tightened, the prism will 
remain in a fixed position; or if the tangent-screw is also thrown out of gear, the 
prism can be rotated freely by hand. 

There are two observing telescopes: one of the same focal length as the colli- 
mator, the other only about half as long. The short telescope, which is much the 
more convenient for ordinary purposes, was used in all the observations described 
iu the present paper. Its objective is of 1% inches aperture and 10 inches focal 
length, and, like the collimator lens, is made of Jena glass. The tube, although 
so short, is 2^1 inches in diameter, and it is consequently very rigid. The draw- 
tube at the eye end has a rack and pinion motion for focusing, a clamp, and a 
graduated scale, exactly like the same attachments on the slit-tube. 

The micrometer carries a fine wire, a coarse wire, and a pointer. Its head is 
divided on silver into 100 parts, and one revolution is equal to 3' io".S, A number 
of eye-pieces are provided, only two of which were used in observations of nebulae. 
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They are both achromatic, one magnifying 7.3 and tlie other 13.3 diameters. The 
higher power was generally used. 

A small incandescent electric lamp, in a lantern on the upper side of the obsen,'- 
ing telescope, serves to illuminate both the upper vernier of the graduated circle 
and the micrometer wires. For this purpose an opening is cut in the side of the 
lantern, directly opposite the shade of the upper vernier, and this opening is closed 
by a small slide, which is pushed aside wheu it is desired to read the circle. From 
one end of the lantern a small tube runs parallel to the telescope to the end of the 
micrometer-box, into which the light is reflected by a small prism. The strength 
of the illumination is regulated by slightly rotating the short piece of tube iu 
which this prism is mounted. A disc containing colored glasses on the end of the 
micrometer-box allows the color of the light to be varied so as to approximately 
match that of any part of the spectrum. 

An elaborate reversion attachment, the reversing prism of which is rotated by a 
very fine micrometer-screw acting on the end of a long arm, can be inserted between 
the observing telescope and its support. This apparatus answers well for some 
purposes, such as the measurement of the rotation of the Sun by displacement of 
lines in the spectra of its opposite limbs, but like other devices of the kind, it has 
the disadvantages of causing great loss of light, and of giving the inferior defini- 
tion which arises from the use of but half of an object-glass. No trial of it has 
therefore been made in measurements of lines in the spectrum of the nebulse. 

The comparison apparatus is clamped to one of the rods which support the 
spectroscope. It has forceps for holding metallic electrodes, and a holder for spec- 
trum tubes, with all necessary adjustments. .A.n image of the spark (or tube) is 
formed on the slit by a lens having a somewhat greater angular aperture than 
the collimator. 

A medium-sized Ruhmkorfi" coil, capable of giving a 3-inch spark, is used in 
connection with the comparison apparatus. The coil, a battery of four large cells, 
and a Leyden jar for strengthening the spark, are carried by a truck mounted on 
rubber casters, and these are so arranged that the adjusting-screws of the coil are 
within easy reach of the observer when the floor is at a convenient height for 
observation. 

The Lick Observatory spectroscope, like the spectrometer used in laboratory 
work, has all its parts opeu to inspection, and not, as is frequently the case with 
star spectroscopes, inclosed in protecting shields or covers. This construction 
has both advantages and disadvantages. Among the former must be reckoned 
ease of access to the essential parts, and facility in making changes for adapting 
the instrument to different classes of observations; among the latter are exposure 
to dust, and liability to accidental disturbance of the adjustments. In my opinion 
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the plan adopted in the Lick Observatory spectroscope is preferable for large 
instruments, and the inclosed form for small ones. The instrument which I have 
described has proved to be very convenient for all the purposes considered in its 
construction. When not in use on the telescope, it is kept on a truck made for 
the purpose, fitted with drawer, etc., for holding accessories, and can then be used 
for laboratory experiments. 



III. 
EXPERIMENTS ON INSTRUMENTAL ERRORS. 

In such delicate observations as measurement of the motions of celestial 
bodies in the line of sight, it is of the greatest importance to ascertain the magni- 
tude of errors which may arise through imperfect adjustment of the instrument 
and other causes, as such errors may very easily exceed in amount the small 
displacements which it is desired to measure. The apparatus described in the 
preceding section has been carefully studied in this respect. Most of the experi- 
ments were made when observations were first begun for determining the position 
of the chief nebular line, others during the course of the work, while some of the 
best tests of the apparatus are afi"orded by the observations themselves. For 
convenience, they may all be considered together. 

The proper arrangement of the comparison apparatus is one of the most 
important subjects for consideration. It is essential that corresponding lines in 
the direct and reflected spectra of the same substance shall be in exact coincidence. 
In the Lick Observatory spectroscope this condition is insured by causing the two 
sets of rays to pursue identically the same path in the instrument. The arrange- 
ment of the totally-reflecting prism which has already been described, is intended 
to be free from the objections which have been made to the usual construction iu 
which the comparison prism is employed. When the spectroscope is used on the 
36-inch telescope, the eff'ective aperture of the collimator is 1.06 inches, and the 
actual aperture is reduced to 1.06 inches by a stop, so that the emergent beam is 
just permitted to pass. In observations of the Orion nebula a slightly elliptical 
aperture was used, in order to permit the use of a greater length of slit without 
loss of light. An image of the comparison spark, intentionally somewhat out of 
focus (in order that the light shall completely fill the slightly widened slit), is 
formed on the slit by a lens which has a larger angular aperture than the colli- 
mator, and hence the collimator aperture is also completely filled with light from 
the comparison spark. I may point out that the uuiform illumination of the 
collimator lens is not generally possible with a 45° reflecting prism, as some of 
the convergent rays from the image lens are intercepted by the slit-plate. The 
60° reflecting prism allows the whole cone of rays to pass without obstruction. 

Vol. m-2S 
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This arrangement of tlie comparison apparatus seems to me preferable to the 
one sometimes employed, in which a narrow beam from the spark is made to fall 
centrally upon the collimatiug lens in the direction of its optical axis. In the 
arrangement I have described, the exact coincidence of the two spectra is a priori 
probable, and if it is observed to exist within the limits of error of estimation, 
the presumption is that the coincidence is perfect. With the other arrangement, 
apparent coincidence can be effected only by trial and adjustment, and any obser- 
vation subsequently made is affected by both the error of the observation itself 
and that of the previous adjustment. 

When a grating is used, the spectral lines are straight, and one source of 
embarrassment attending the use of prisms is avoided. 

A method which experience at Potsdam has shown to be unexceptionable is 
to place a spectrum tube at right angles to the slit, and at some distance from it. 
In this case the collimator lens is not uniformly illuminated, but, as the spectral 
line is formed by light coming from those parts of the lens which have the greatest 
influence in determining its exact position, there is no appreciable error of dis- 
placement. This method is not, however, applicable to metallic spectra, as the 
spark between the electrodes is very short. 

In the Lick Observatory spectroscope, the spectrum tube is placed parallel to 
the slit, and care must be taken, not only that the collimator aperture is filled 
with light, but that the spectral lines are images of the slit, and not of the 
capillary bore of the tube. It is easy to determine which is the case by observing 
the appearance of the lines while the slit is widened and narrowed. If the lines 
are bounded by the jaws of the sHt, they will vary in width equally on both 
sides. 

In a note printed in the Publications of the Astrononmal Society of tfte Pacific^ 
No. 8, I have called attention to the great advantage attending the use of 
objectives made from certain varieties of Jena glass. Hardly any change of focus 
is necessary, in the instrument I have used, throughout the entire range of the 
visible spectrum. In differential measurements, where both lines have very nearly 
the same wave-length, the chromatic aberration of the objectives is of no impor- 
tance, but for general purposes the use of Jena glass in spectroscopes cannot be 
too strongly recommended. 

It is hardly necessary to say that these remarks do not apply to one or two 
special kinds of Jena glass, which are hygroscopic. A very perfect color correction 
can be obtained with glasses free from this defect. 

On beginning work which required the use of the comparison spectrum, the 
following experiments were made on the adjustment of the apparatus and the 
effect of various instrumental errors : 
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1. The collimator was adjusted so that its optical axis was coincident with 
the optical axis of the great telescope. 

2. The micrometer wires were placed in the principal focal plane of the object- 
■glass of the observing telescope, by observations of stars and of distant mountains. 
The reading of the eye-tube for this position of the wires was found to be 12.3 
(millimeter) divisions. 

3. The observing telescope having been placed in po.sition on the spectroscope, 
and the 36-inch refractor directed to the Sun, a wave-length of about 3000 in the 
third spectrum of the grating was brought into the field. The eye-piece was first 
carefully focused on the micrometer wires in this colored light, and the slit was 
then focused until the solar lines were perfectly sharp, when it was securely 
clamped. Micrometer wires and slit were then assumed to be in the principal focal 
planes of their respective object-glasses. 

To test this adjustment the solar spectrum was observed with the compound 
prism. When the observing telescope was set to a greater angle than that of 
minimum deviation and the spectrum was brought into the field by rotating the 
prism, the solar lines near A 5000 were perfectly sharp in both possible positions 
of the refracting edge, a proof that the rays falling on the prism were parallel, and 
that the micrometer wires were in the proper position. 

4. Lead electrodes having been placed in the comparison apparatus, the coarse 
micrometer wire was set on the lead line at A 5005.6* in the fourth spectrum of the 
grating. The width of the slit was such as to make the bright lead line a very 
little wider than the micrometer wire, an adjustment which allowed a ver}- minute 
displacement of the line to be detected. By slightly rocking the electrode-holder 
the rays from the spark were thrown alternately on opposite sides of the collimator 
objective, but the displacement of the line was barely perceptible. 

Assuming the perfect adjustment of the slit and micrometer wire, and leaving 
out of consideration the effect of diffraction due to the use of only a part of the 
objectives, it is evident that this experiment is simply a test for spherical aber- 
ration, which had already been found by the ordinary methods to be perfectly 
corrected. 

5. A sodium flame was placed close in front of the sHt, and magnesium 
electrodes, containing sodium as an impurity, were placed in the comparison 
apparatus. The D lines in both spectra coincided exactly in all the different 
orders of the grating. 

6. The same experiment was repeated for the b lines, magnesium ribbon 
being burned in front of the slit. The coincidence was exact. On bringing the 
magnesium fluting at A 5007.5 into the field, the edge of the fluting in the direct 

* In the remainder of this paper, wave-lengths will be given on Rowland's scale. See Part V. 
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spectrum extended a little beyond the same edge in the reflected one, toward the 
less refrangible end of the spectrum. This effect seemed to me to be due to the 
much greater brilliancy of the direct spectrum. When the light from the burning 
ribbon was dim, the coincidence became nearly perfect, 

7. The spectroscope, mounted on its truck, was directed to a heliostat (impro- 
vised out of some common mirrors and the 6-inch equatorial), and a beam of 
sunlight was thrown into the collimator. An image lens was placed in the course 
of the rays, in order to obtain a divergent beam and fill the aperture of the col- 
limator objective with light. The solar D lines were compared with the sodium 
lines from the comparison apparatus, and the coincidence was found to be perfect. 

The spectroscope truck was then placed obliquely, so that the beam of sun- 
light coming through the slit fell on only half of the collimator objective, and a 
very slight displacement of the solar lines was noticed. 

Next, the eye-tube carrying the micrometer was withdrawn three (millimeter) 
divisions, aud the definition of the solar lines was restored by focusing the slit. 
The displacement of the D lines became quite perceptible, although it was but a 
small fraction of the interval between the tines. The experiment was repeated 
with the wires three divisions inside the proper focus, and with the same result. 

The conclusion drawn from these experiments was that no appreciable errors 
were to be feared from such small derangements of the adjustments as were likely 
to occur in practice. Further, since the only effect of flexure in the main telescope 
tube, or its connections with the spectroscope, is to produce a slight inclination 
of the collimator axis to the axis of the great telescope, no appreciable error can 
be caused by flexure, the inclination of the collimator produced in this way being 
inconsiderable, compared with the inclination given to it in the experiments. 
Flexure of the spectroscope itself has no influence on the observations described 
in this paper, as all the important measures are differential. 

Notwithstanding the conclusion just stated, special experiments bearing on 
the subject of flexure were made on a number of occasions, and an account of 
them is given, with some others, below. 

8. On July 17, 1890, the position of the chief nebular line in the spectrum of 
the nebnla G. C. 4jgo was determined, with reference to the lead line at A 5005,6, 
with the spectroscope slit in a parallel of declination, and again with the slit in a 
meridian, to ascertain the possible effect of flexure. The position of the nebular 
line was the same in both cases. 

Measures in the spectrum of Arcturus, which were begun about this time, as 
a check, gave a much smaller motion of approach thau that which had been 
obtained at Greenwich; and as the chief nebular line also appeared to have a lower 
position in the spectrum than it should have had, according to the best determina- 
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tions at that time published, further experiments were made on the subject of 
constant errors. 

9. On July 24, 1890, the interval between the lead line at A 5005.6 and the 
chief line in the spectrum of 2 6 (6'. C. -/JQO) was measured with the usual 
arrangement of apparatus. The grating was then removed and reversed, and the 
observing telescope turned to the opposite side of the collimator. On remeas- 
uring the place of the nebular line, a slightly different result was obtained, but as 
the same experiment was repeated on a number of different nights and no change 
in the position of the nebular line was detected, the slight discrepancy in the first 
result was considered to be accidental, 

10. The grating was removed and the compound prism substituted. Areiurus 
and G. C. 43§o were observed, the results being in agreement with those obtained 
with the grating. The D lines in the spectrum of Arelurus, and the chief line in 
the spectrum of the nebula, were in the positions formerly obtained, as nearly as 
could be judged with the much lower dispersion of the prism. An error of one 
fifth the interval between the D lines could not have been committed. 

On turning to the nebula G. C. ^j/j, the difference of position of the chief 
line, as compared with the chief line in the spectrum of G. C. 43^0^ was quite 
perceptible with the prism, the nebular line apparently coinciding with the lead 
line at \ 5005.6. The slight interval between these lines, which was subsequently 
measured with the grating, was imperceptible with the prism. 

From these experiments it was apparent that both grating and prism gave 
the same result, and that any possible source of error need not be looked for 
beyond the collimator. 

11. For the sake of completeness, observations for flexure were made on the 
Orion nebula when it was nearly on the meridian. The distance (aA) between the 
lead line at A 5005.6 and the chief nebular line was measured in four positions of 
the spectroscope. Each measure was made by setting twice on the nebular line 
and twice on the lead line, alternately. The following results were obtained; 

(a) Position circle at 30°. Slit in parallel of declination. Observing telescope 
above and north. aA= 2.09 tenth-meters. 

{Ji) Position circle at 120°. Slit in meridian. Observing telescope east. 
aA= 2.15 tenth-meters. 

(c) Position circle at 210°. Slit in parallel. Observing telescope below and 
south. aA=i 2.03 tenth-meters. 

{d) Position circle at 300°. Slit in meridian. Observing telescope west. 
AA = 2.oi tenth-meters. 

{e) Position circle at 30°, as at first. aA= 2.10 tenth-meters. 

The differences of these results are within the limits of error of the measure- 
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nieuts, considering the inconveuieuce of observing in some positions of the 
instrument, and hence there is no evidence of error due to flexure. 

The observations which have been described in this section show that, with 
the instrument carefully adjusted, no appreciable constant errors can affect the 
measurements. With proper precautions, personal errors can be near!)' eliminated. 
It may be noted that the continual shifting of the lines in the spectra of the 
heavenly bodies, due to the earth's orbital motion, serves admirably as a guard 
against personal bias of the observer. The lines are never twice in the same place 
(certain limiting conditions excepted), and unless the observer takes the trouble 
to estimate beforehand the effect of the earth's motion, he cannot tell how his 
micrometer wire should be placed in order to obtain results consistent with former 
ones. Almost all the observations of planetary nebulae described ill the present 
paper were made without any recollection of previous results. 

The final test is the consistency of the results which have been obtained for 
all the different classes of objects. 

IV. 



METHOD OF OBSERVATION. 

In all measurements of the position of spectral lines the Rowland gyrating 
was used on the large spectroscope, and the observing telescope was always set to 
a reading of 140°. The reading on the slit, with the telescopes in line, was o*, so 
that the axes of the observing telescope and collimator were inclined to each other 
at an angle of 40°. The part of the spectrum to be examined was then brought 
into the field hy rotating the grating. When a wave-length of 5006 in the fourth 
spectrum was in the center of the field, the normal to the grating was on the 
other side of the collimator, and inclined at an angle of about 17%° to the axis of 
the latter. 

The nebular lines were observed in either the third or the fourth spectrum. 
The third spectrum was somewhat the brighter, but experience showed that the 
error of an observation, expressed in wave-lengths, was usually less in the fourth 
spectrum. Of the two eye-pieces, the higher power (13.3 diameters) was generally 
found to be the more satisfactory, except on unusually faint nebulae. The disper- 
sion when the fourth spectrum was employed was about equal to that of twenty-four 
prisms of 60°. The theoretical resolving power of the instrument in the fourth 
spectrum was 64, equivalent to that of twenty-four prisms each 1.05 inches on the 
base. There is no doubt that the practical efiiciency of an instrument for deter- 
mining the positions of such faint lines as those of the nebulEe is not determined 
solely by the resolving power. Of two instruments equal in this respect, that 
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having the higher dispersion would be the more advantageous. In the third 
spectrum the dispersion was that of fourteen prisms. 

When a small object, such as a planetary nebula, is observed with the Lick 
Observatory spectroscope, it is first centered in the slit by the slow motions of the 
main telescope, with the aid of the diagonal eye-piece, which has already been 
described. The slit is then shortened until its length is just equal to the diameter 
of the nebula, and its width is reduced to suit the requirements of observation. 
The slit is then evidently completely filled with light from the nebula. After its 
image (/. e., the nebular line) has been bisected with the micrometer wire, the 
comparison prism is moved into place, and the image of the nebula is replaced by 
the image of the comparison spark. It is evident that the rays of light from both 
sources enter the same part of the sHt, traverse the same path in the spectroscope, 
and fall upon the same part of the micrometer wire. It was shown in the preced- 
ing section how completely all constant errors are avoided by this arrangement. 
If desired, the two spectra can be compared directly, the comparison prism being 
then moved so as not to completely cover the open part of the slit. The position 
of the nebular line is determined by setting the micrometer wire alternately on 
this line and on the line of comparison, the latter being of course selected so as to 
make the distance to be measured as small as possible. 

In the earlier observations at Mount Hamilton, the position of the chief 
nebular line was determined with reference to both the lower edge of the 
magnesium-flame baud aud the lead line just above it at A 5005.6, the nebular 
line usually falling between these limits. As the lead line oflfers a much better 
mark for the micrometer, the use of the magnesium fluting as a reference line 
was afterwards abandoned, but not until it had been shown that the accuracy of 
the observations was in no way impaired by so doing. For comparisons with the 
second nebular line, the double iron line at A 4957.6 was used. 

With the high dispersion of the fourth spectrum of the grating, only the 
brightest nebular line, when iu the proper position for observation, was in the 
field, although the first and second lines could be seen together by setting the 
telescope on the point midway between them. The lower of the two nitrogen 
lines and the edge of the magnesium fluting were separated by a considerable 
interval (nearly a whole revolution of the micrometer), and a small fraction of 
the interval was easily measurable. 

In most nebulae the principal line with this dispersion was faint, but in some, 
notably the Onon nebula, G. C. 4390., and N. G. C. /02/, it was remarkably bright 
and sharp, and could be observed with almost as great accuracy as the metallic 
line of the comparison spectrum. With a very narrow and full-length slit, the 
bright lines in the spectrum of the nebula of Orion had exactly the appearance of 
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illuminated micrometer wires in a dark field. Although I have iiot actually made 
the comparison, it seems to me quite probable that the grating may give a brighter 
spectrum than a train of prisms having an equal resolving power. How far the 
brightness of the spectrum depends upon the qualities of the particular grating I 
have used, I am not able to say, but it is probable that any of the gratings made by 
Rowland, which are so ruled as to give bright spectra of the higher orders, would 
answer the purpose equally well. The 36-inch telescope affords no advantage in 
the observation of such large, diffuse object.'; as the nebula of Orion., and a smaller 
telescope, with thinner objective, would give brighter spectra. On the other hand, 
it gives a decided advantage in the observation of small planetary nebulae, for the 
visibility of small, faint objects depends very much upou their size, as well as 
upon their intrinsic brilliancy, and the size of the image in the focus of the main 
telescope determines the length of the lines observed in the spectroscope. The 
intrinsic brilliancy of the third line in the spectrum of G. C. 4jgo is greater than 
that of the same line in the spectrum of the nebula of OHon., but in the case of 
G. C. 431)0, comparisons with the H/9 line of hydrogen were much the more diffi- 
cult when a very narrow slit was used. 

I may remark here that the descriptions of nebulae in the New General 
Catalogue of Drever are of hut little service in the selection of objects for such 
observations as these. In some of the nebulse marked " very bright," the lines 
could not be seen at all with the grating, while among the nebulae desciibed as 
simply "bright," are some of the brightest in the sky. This is doubtless because 
the observations iu the catalogue were made with telescopes of very different 
sizes, and are therefore not comparable, and because the catalogue "brightness" 
is usually an estimate vaguely compounded of intrinsic brightness and size. A 
faint nebula, if large, is generally recorded as bright, and a bright but small 
nebula as faint. The distinction between quantity of light and intrinsic bright- 
ness becomes more obvious the greater the size of the telescope employed, and 
the revision of the description of brightness in the notes of the catalogue would 
be a real service to observers with large instruments, although it would certainly 
be a far from easy task. 

In measuring the spectra of the nebulae, the slit was narrowed so that the 
bright lines of the nebula and the comparison spark were just the width of the 
coarse micrometer wire (0.35 tenth-meters). The settings were then made by 
occulting the bright lines by the wire. A very faint, diffuse light in the field was 
found to be an advantage during this operation, even when the nebular line was 
dim, as the diffuse light did not seem to affect the visibility of the line, and the eye 
could be more easily kept in the proper position for observation. The faint illumi- 
nation was readily obtained by placing a lantern where it would shine on the floor 
in front of the grating. Ou a few occasions bright wires were used in a dark field. 
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Before making the micrometer measures, a direct comparison of the nebular 
and reference Hues was usually made by bringing both lines into the field at the 
same time. In some nebulse, however, the chief line was too faint to be seen 
alongside of the rather bright continuous spectrum of the lead or magnesium spark. 

In order to eliminate personal errors in setting the micrometer, the observer 
stood alternately on opposite sides of the instrument, thus having the upper end 
of the spectrum alternately on his right and on his left hand. In some cases when 
a star was observed at a considerable hour-angle, and it was impossible to follow 
out this plan on account of the position of the instrument, the effect of personal 
error is noticeable. It seemed to be smaller for a nebular than for a stellar line. 

No cylindrical lens was used in observing stars. The D lines in a stellar 
spectrum looked like small black dots on a narrow line of light. 

The electric control described in Publicalions of the Astronomical Society of th4 
Pacific^ No. 6, was sometimes used, but not often, as the equatorial driving-clock 
ran sufficiently well without it. 

The value of a micrometer revolution in different parts of the spectrum was 
determined by measuring the interval between solar lines, and checked in some 
instances by computing the value from the theory of the grating. The results are 
exhibited in tabular form below: 

Valito of One Revolution op Mickombter. 



Line. 


Third Spectrum. |l Fourtli Spectrum. 1 


Tenth-Meters. 


Miles per Second. ' Tenth-Meters. 


Mile* per Secoad. 


D 

b 

Chief Neb. Line. . . 
Second Neb. Line . . 
K 


3-29 
3.60 
3.71 
373 
3-75 


104.3 1 ■ - ■ - 
.... 2.10 

.... 2.21 
.... ,, 2.24 
144.0 1 2.28 

II 


87.6 



Unless the sky was cloudy in the daytime, the spectroscope was alwaj-s 
adjusted on the Sun. The full aperture of the telescope was used, and the spec- 
troscope was protected from the great heat bj' a sheet-iron screen with a small 
aperture over the slit. 

The interval between the first and second lines in the spectra of a number of 
different nebulse was measured with the graduated circle, as it was too great for 
the range of the micrometer. In making the measures, the micrometer head was 
first set to about 2'.6o. The coarse wire was then in the center of the field, and 
the reading on the slit, when the telescope was brought into line with the colli- 
mator, was very nearly o°. The circle was then set to 140°, making the angle 
vot. m-M 
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between the axes of the telescopes about 40°, and the gyrating was turned until the 
brightest nebular line in the fourth spectrum fell upon the coarse micrometer wire. 
The telescope was directed alternately upon the first and second nebular lines by 
turning the tangent-screw, the circle being read for each setting, until as many 
measures were obtained as was desirable. The electric illumination, controlled 
by a switch in the hand of the observer, was used only in bringing the micrometer 
wire approximately on the nebular line, the final setting being made by occulting 
the line in a dark field. The reflected image of the slit from the surface of the 
grating was then observed, and finally the slit itself, the grating being removed 
(or turned edgewise). These observations give all the data for computing, by the 
formulae for the diflfraction grating, the wave-length of the brightest line and the 
diflFerence of wave-length of the first and second lines, the absolute wave-lengfth to 
be regarded as merely approximate, and useful only as a check. 
The formula for the reflecting grating is 

nX=^a (sin ^ — sin q>\ 

in which g> = angle between the normal to the grating and the incident ray. 

^ = angle between the normal to the grating and the di£fracted ray {(p 

and ^ being measured in opposite directions from the normal). 
A = wave-length. 
n = order of spectrum. 
(T = distance between centers of lines of the grating. 

For two rays measured in the same position of the grating, 

n (Ai — A2) = <x (sin ^1 — sin ^2)- 

An approximate value of tf^i or ^2 is required for the determination of A^ — Aj, 
and a precise value of V'l — ^2- 

V. 
POSITIONS OF COMPARISON LINES. 

In my preliminary work on the nebulae, all positions of lines were referred to 
Angstrom's scale, for the reason that it has been used by all previous investigators 
of nebular spectra, and their results would therefore be more readily comparable 
with my own. As the work progressed, however, it became evident that the 
errors of Angstrom's scale, and of the best available measures of the reference 
lines which I used, were much greater than the errors of my diflFerential measure- 
ments of lines in the spectra of the nebulae. 

I have lately, by the kindness of Professor Rowland, obtained some very 
accurate positions of the reference lines which were most subject to uncertainty. 
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They were determiued by Mr. Lewis E. Jewell, Professor Rowland's assistant, 
with the great concave grating spectroscope of the Johns Hopkins University. 
The measures in this paper have been reduced to these lines as standards, and all 
positions are given on Rowland's scale. 

The comparison lines which I have used in the diflferential measures are the 
line of lead at A 5005.6, the edge of the magnesium (or magnesium oxide) fluting . 
at A 5007.5, the double line of iron at A 4957.6, the two yellow sodium lines, and 
the hydrogen line H^. 

The advantage of the lead line as a fiducial line of comparison, in measures 
of the chief nebular line, was pointed out by Dr. HugGins* in 1874. It is fine 
and sharp, and an excellent mark for the micrometer. 

The wave-length of this line is, according to Watts (ThalEn's measures), 
5004.6 on Angstrom's scale. 

The value adopted by Huggins in his later investigations is 5004.5. 

LocKYER, in connection with his work on the nebula of Orion, re-determined 
the place of the lead line, and made the wave-length 5005.0. 

Its place on Rowland's scale, according to the measures by Mr. Jewell, is 
^ .S005.634. 

The place on Angstrom's scale of the lower edge of the magnesium fluting, 
according to a number of different authorities, is given below: 

Watts A 5006.5 

Hoggins 5006.5 

LivHiNG and Dewar , . . 5006.4. 
IxicKVKR 5006.5 

My own results accord well with those given above, but all are evidently 
aflFected with a constant error of the reference scale. A few rough measures which 
I made for determining the positions of the secondary maxima of the fluting 
agreed well with Lockver's values. 

In observations for deciding one of the questions which are considered in this 
paper — whether the chief nebular line is in any way related to the magnesium 
fluting — the absolute wave-lengths of the reference lines are less important than 
their relative positions. I therefore measured the interval between the lead line 
and the edge of the fluting, using the same apparatus as in the observations of 
nebulae. The slit-width was such as to make the lead Hue just the width of the 
coarse micrometer wire fo.35 tenth-meter). 

In determining the position of the edge of a fluting certain precautions are 
necessary, as the position depends upon the width of the slit. If the distance 
between the lead line and the fluting could be measured with a slit-width vanish- 
* Proc. Roy. Soc, No. 151, 1874. 
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ingly small, the true interval would be obtained. On giving the slit a practicable 
width, the position of the center of the line is unchanged, but the edge of the flut- 
ing is shifted toward the red by half the width of the line. 

In measuring the interval between the line and the fluting, the line was 
observed by occulting it with the micrometer wire, the observation thus referring 
to its center, but the fluting was observed by bringing its extreme edge and the 
lower edge of the micrometer wire into coincidence, the center of the wire falling 
therefore upon the place which the edge of the fluting would have with an infi- 
nitely narrow slit. The comparisons of the nebular line and the magnesium flut- 
ing were also made in this way. Other measures of the interval between the lead 
line and the edge of fluting were made with the fine micrometer wire and as 
narrow a slit as could be used. With a faint light the measurement is a difficult 
one, more difficult than the measurement of the place of a nebular line. 

The interval obtained as a result of my own measures was 1.86 tenth-meters. 
It was somewhat greater when the brilliant light from burning magnesium was 
used, as the illumination of the terminal line of the fluting is not equal on both 
sides, and a small apparent displacement is caused by irradiation; but with the 
comparatively feeble light of the comparison spark used in the observation of 
nebulae, the distance obtained was that given above. This would make the wave- 
length on Rowland's scale 5007.494. The value communicated by Professor 
Rowland, and adopted in my reductions, is 5007.473. 

The position of the iron doublet is given by Scheiner in Die Spectra/analyse 
der Geslirne, pp. 380 and 405. The wave-lengths of the two components, in the 
Potsdam system, are 4957.53 and 4957.90. The wave-lengths on Rowland's scale, 
from the Baltimore measures, are 4957.482 and 4957.786. 

With the slit-width used in observations of nebulae, the iron line could not be 
recognized as double. The observations refer to the center of the pair, or to 
^ 4957-634- 

The other reference lines are well-known lines in the solar spectrum, and no 
comment on their positions is required. 

It is remarkable that the lines in the spectra of the commou metals are not 
yet (with the exception of iron and some few others) determined with sufficient 
accuracy to serve as reference points for measurements in the spectra of such 
faint objects as the nebulie. Dr. Scheiner, in his Speclralanalyse der Geslirne, has 
called attention to the imperfect determinations of the principal metallic lines, 
and Dr. Huggins has lately referred to the same subject, in his address as 
President of the British Association, at Cardiff'. The difficulty will doubtless be 
remedied in the near future. 



PUBLICATIONS OF THE LICK OBSERVATORY. 189 

VI. 

EXAMPLES OF OBSERVATIONS. 

It is not necessary or desirable to give in full all the spectroscopic measures 
which were made in connection with the study of the nebulae. A sufficient num- 
ber of examples for diflferent objects is given below, to show the details of the 
observations. Except that the notes are occasionally somewhat expanded, so as to 
be intelligible to the general reader, the observations are given exactly as they are 
recorded in my note books. 

The micrometer wire was set alternately on the line in the spectrum of the 
heavenly body, and on the line of the comparison spectrum. With the arrange- 
ment of apparatus which has already been described, the micrometer readings 
increase with the wave-length. Hence, if N is the micrometer reading for the line 
of the nebula or other heavenly body, C the corresponding reading for the com- 
parison line, Ac the wave-length of the comparison line, and R the value of one 
revolution of the micrometer in tenth-meters, the wave-length of the nebular 
line is 

Av=Ac: + (N-C)R. 

The direction of the displacement of the nebular or stellar line was usually 
noted by a direct comparison, to prevent mistakes. 

The reading of the index of the micrometer head was sometimes changed, 
so that the reading with a given wire in the center of the field was not always 
the same. 

The Sun. May 15, 1891. 

Measurement of interval between the D lines. Grating, 3d spectrum. P^ne 
wire. 

These measures are made in order to show the accuracy with which the 
micrometer wire can be set on the sharpest possible lines for comparison with the 
observations of stars and nebulae. 



D, 


Di 


Diflf. 


2 1'. 194 


23^.025 


— I'.83i 


.226 


.026 


.800 


.219 


.019 


.800 


.205 


.019 


.814 


.208 


.019 


.811 


•197 


.024 


.827 


.197 


.018 


.821 


•195 


.015 


.820 


.210 


.020 


.810 


.219 


.019 


.800 



i'.8i3 
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Taking for the interval between the D lines 5.955 tenth-meters, the value of 
one revolution of the micrometer is 3.29 tenth-meters, the same value as that given 
in the table in Section IV. 

The Moon. October 23, 1890. 

Comparison of the Dj line with the Nai line of sodium. Grating, 3d spectrum. 

The fine micrometer wire is used, and the observer is alternately east and 
west of the instrument. Moon near the meridian, and all circumstances favorable. 
Observations equal to the best. 

By direct comparison the coincidence of the D and sodium lines appears to be 
perfect. 



D, 


Na, 


I>iff. 


1 3^.480 


iy472 


+ o'.oo8 


•479 


.470 


+ .009 


.463 


.472 


— .009 


.490 


.475 


+ .015 


.440 


.460 


— .020 


.467 


.482 


— .015 


.468 


.462 


+ .006 


.410 


.443 


— 033 


.490 


.468 


+ .022 


.442 


.410 


+ .032 



+ o'.oo2 = + 0.2 miles per second. 
Venus. April 3, 1891. 

Comparison of the Di line with the Nai line of sodium. Grating, 3d spectrum. 

Planet near the meridian ; measures apparently good. The fine wire is used. 
By direct comparison the lines in the spectrum of the planet are perceptibly dis- 
placed toward the red. 



Di 


Nai 


Diff. 


21'. 1 70 


21'. 107 


+ o'.o63 


.156 


.104 


.052 


.180 


.104 


.076 


.165 


.110 


.055 


.165 


•113 


.052 


.166 


.106 


.060 


.182 


.109 


•073 


.188 


.116 


.072 


.174 


.120 


.054 


.172 


.123 


.049 



+ o'.o6i = + 6.4 miles per second. 
The computed motion of Venus in the line of sight is + 7.69 miles per second. 



PUBLICATIONS OF THE LICK OBSERVATORY. 



191 



Arcturus. May 8, 1891. 

Comparison of the Dj line with the Nai line of sodium. Grating, 3d spectrum. 

Definition of star lines only fair. All measures made with fine wire ; observer 
alternately east and west. By direct comparison the star lines are displaced 
slightly toward the red. 



Di 


Nai 


Diflf. 


22'. 744 


22^.740 


+ o'.oo4 


.750 


•731 


.019 


.740 


•736 


.004 


.780 


.740 


.040 


.880 


.850 


.030 


.911 


.881 


.030 


.930 


.900 


.030 


•956 


.916 


.040 


.905 


•903 


.002 


.940 


•903 


•037 



+ o^024 = + 2.5 miles per second. 

Observed motion of star +2.5 miles per second. 

Orbital motion of earth +6.6 miles per second. 

Motion of star referred to Sun — 4.1 miles per second. 

G. C 43go (2 6), July 17, 1890. 

Comparison of the chief line with the lead line and the magnesium fluting. 
Grating, 4th spectrum. 

By direct comparison the nebular line falls between the lead line and the 
magnesium fluting, and is distant from the latter by about one fourth of the whole 
interval. 



Neb. Line. 


Pb Line. Diflf. 


Neb 


. Line. 


Mg Fluting. 


Diflf. 


4'-72 


4'. 1 2 + o'.6o 


4' 


'.76 


4^.98 


— 0'.22 


•75 


.13 .62 




.70 


.96 


.26 


•74 


.12 .62 




•71 


•95 


.24 


.72 


.08 .64 




.69 


•93 


.24 


.70 


.09 .6 1 
.01 .66 
.14 .64 




•74 


.92 
= — 0.51 ten1 


.18 


.67* 

.78» 


— 0'.228 

th-meters. 




+ 0^.627 












= + 1-39 tenth-meters. 










Observed 


wave-length of nebular line 


• 


• • 




. 5006.99 


Correction for earth's motion 








— O.I7 




wave-length 


• 


• • 






Corrected 


. 5006.82 

1 



♦ Measures by two other observers. 
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Nebula of Orion. February 12, 1891. 

Comparison of the chief line with the lead line at A 5005.6. Grating, 4th 
spectrum. 

Nebula near the meridian. Observations about as good as usual. 



Neb. Line. 

15^446 

.383 
.400 

•373 
.400 



Pb Line. 

i4'-495 
•450 
•463 
•430 
•455 



Diff. 
+ o'.95i 

•933 
•937 
•943 
•945 



Wave-length of lead line 
(N — C)R=AA= . 



+ o'.942 = + 2.08 tenth-meters. 

5005.63 

+ 2.08 



Earth's motion = 14.5 miles receding= 



5007.71 
+ 0.39 



Corrected wave-length of chief line 5007.32 

Nebula of Orion, February 12, 1891, continued. 

Comparison of the third line with the H// line of hydrogen. Grating, 4th 
spectrum. 

A new wire, about 0.7 tenth-meter wide, was put in this day for observations 
of the third nebular line, allowing the slit to be opened twice as wide as before. 

By direct comparison the nebular line is displaced by a considerable amount 
toward the red. 



Neb. Line. Hyj^ 


DifF. 


l6'.i52 


> • * 


+ 0^.332 


•195 15'- 


820 


•375 


.180 


■ • . 


.310 


.105 


870 


•235 


.165 


1 • • 


•340 


.095 


.825 


.270 


.082 

t 


1 • • 


.230 


.164 


852 


.312 


.100 


1 • • 


.283 


.150 


,817 


•333 


.165 


1 • • 


•335 


.165 


830 


•335 



+ o'.307 = + 26.9 miles per second. 

Observed motion of nebula + 26.9 miles per second. 

Orbital motion of earth + 14.5 miles per second. 



Motion of nebula referred to Sun +12.4 miles per second. 
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Nebula 0/ Orion. February 12, 1891, continued. 

Comparison of the third line with the H/j line of hydrogen. Grating, 3d 
spectrum. Observer alternately east and west. 



Neb. Line. 

[6'.o68 
[5 .960 
[6 .020 

5 985 
5 .880 

[6 .100 

5 966 

6 .053 

5 -935 
[6 .060 

[6 .020 
5-995 



H/J 



15' 



810 



844 



810 



816 



810 



831 



Diflf. 

+ 0^.258 
.150 
.176 
.141 
.070 
.290 
.150 

•237 
•125 

.250 

.189 

.164 

+ 0^.183 = + 26.3 miles per second. 



Observed motion of nebula + 26.3 miles per second. 

Orbital motion of earth + i4-5 miles per second. 

Motion of nebula referred to Sun + 11.8 miles per second. 

G. C. 2102. April 29, 1 89 1. 

Comparison of the second line with the iron line at A 4957.63. 
Line pretty faint. The coarsest wire (0.7 tenth-meter) is used, 
comparison the nebular line is considerably below the iron line. 



By direct 



Neb. Line. 


Fe Line. 


Diflf. 


I4'.667 


I3'.8i5 


+ 0^.852 


.696 


.784 


.912 


.706 


•774 


.932 


.608 


.812 


.796 


.610 


.800 


.810 



+ o'.86o= + 1.93 tenth-meters. 

Wave-length of iron line 4957-63 

(N — C)R=A^=- +1.93 



Earth's motion = 13.4 miles receding =^ 



4959-56 
+ 0.36 



Corrected wave-length of second line 4959.20 

G. C. 437 J* September 19, 1890. 

Measurement of the interval between the first and second lines. 
The method is that described on pages 185-186. The following data are 
furnished by the observations : 

Vol. IU-26 
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Circle reading on first nebular line 140* i' 40" 

Distance between first and second lines, from ten measures = A ^- • • • i 8 23 ±: 6" 

Circle reading on reflection of slit 214 32 30 

Circle reading on slit o i 10 

Order of spectrum = « = 4. 

Hence, ^, = 57° 15' 10", ^f>, = 56° 6' 47", 9> = - 17° 15' 4o". 
For the grating used, o = yri^T in. = 17592. i tenth-meters. 
Substituting in the formulae for the grating, A^ = 5004.1, which is sufficiently 
near to its true value, and Aj — A^ ^ 48.05 zt 0.07 tenth-meters. 

VII. 
OBSERVATIONS OF PLANETS AND STARS. 

During the course of the observations of nebulae, the displacement of lines 
in the spectra of stars and planets was occasionally observed as a check on the 
adjustment of the spectroscope. These observations have been collected, and are 
given below. They were made in precisely the same way as the observations of 
nebulae, the lines selected for comparison being usually D and b. 

In testing the adjustment of a spectroscope on the Moon or other body having 
no motion in the line of sight, the mere observation that the lines in the direct 
and reflected spectra are exactly coincident carries but little weight without some 
statement of the least perceptible displacement. Exact coincidence might be noted 
with a small single-prism spectroscope, but no measures of motions in the line of 
sight could be made with it that would have any value. 

The measures that accompany such estimates in the following observations 
show that in the case of a sufficiently bright object, as the Moon or Venus^ a 
displacement due to a motion of two miles was perceptible with the Lick Observa- 
tory instrument, and the error of a measurement was generally considerably less 
than this. Some of the nebular lines could be observed with equal accuracy, as 
will be seen by referring to the examples of measurements in the last section. 

A positive sign indicates a motion of recession; a negative sign, approach. 

The Moon. 

1890, July 3. Exact coincidence of D and b lines in third and fourth spectra. No measures. 

1890, July 25. Exact coincidence as before. 

1890, July 31. Exact coincidence. Measured displacement of the lunar Dj line (ten settings) gave 

+0.03 tenth-meter. Another observer from five settings obtained — 0.13 tenth- 
meter. 

1890, Aug. I. Exact coincidence. No measures. 

1890, Oct. 23. Exact coincidence. Measured displacement of lunar Dj line was +0.01 tenth- 

meter. (Given as an example in the preceding section.) 

1891, Jan. 23. Measured displacement of Dj Une was +0.10 tenth-meter. Sky covered with thin 

clouds, and Moon dim. 
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Other comparisons made occasionally in the course of the work were not 
recorded, the results being always the same. 





Ve7ius. 






i Data. 


DiEplacement 
of D Line*. 


Observed Computed r> n 
Motion. i Motion. *-"" 


1890, August 16 . . 
1890, August 22 . . 
1890, August 22 . . 
1890, August 30 . . 

1590, September 3 . 

1890, September 4 . 

1891, March 21 . . . 

1591, Aprils ■ ■ ■ - 


+ +111111 
1 11 1 II 11" 


— 7-3 
-8.9 

— 7-5 

— 7-3 
-8.. 

83 


Mi!«. MileiL 

— 8.2 +0 
-8.2 1 -0 

-8.3 -I 


8 


+ 6.5 
+ 6.4 


+ 7.9 + > 

+ 7.7 + I 


3 



\ 



The second observation of August 22, 1890, was made by Mr. Campbell. 
It will be noticed that there is no tendency in these observations to over- 
estimate the amount of the displacement. Each spectrum is observed in the 

absence of the other. 

Jupiter. 

1890, July 10. The b lines were displaced toward the violet by about half the width of the coarse 
micrometer wire, or about 0.2 tenth-meter, corresponding to a motion of about 
— 7 miles per second. The computed motion for the time of obser\-ation is — 6.4 
miles. Lines quite dim and estimate rough. With the slit coincident with the 
equator of Jupiter the lines were slightly twisted, showing effect of the planet's 
rotation. 

1890, July 17. A displacement of the b lines in the third spectrum could be detected when the slit 
was placed alternately on the east and west limbs of Jupiter. ITie spectrum was 
very narrow when the limb was observed, and the lines were hard to see. No 
cyUndrical lens wa$ used. 

a Bobfis. 



Date. 


) DiaplBcement 
1 of D Lines. 


Observed 


Earth's 


Motion of St«r 


Motion. 


Motion. 


Referred to Sun. 








Mi1«. 


Mile.. 


1890, April 10 . . 


1 — 0.044 


— 4.6 


— 0.6 


— 4.0 


1890, August 7 . 


1 +0 


100 


+ 10.4 


+ 14.3 


— 3.9 


1890, August 15 , 


+ 


089 


+ 9.3 


+ 13-3 


— 4.0 


1891, March 16 . 


1 — 


106 


— II. 1 


— 7.3 


- 3.8 


1891, March 20 . 


1 —0 


IZI 


— 12.7 


- 6.3 


- 6.4 


1891, April 2. . . 


' —0 


053 


- 5-5 


— 2.9 


- 2.6 


1891, April 29 . . 


1 — ° 


003 


0.0 


+ 4.3 


- 4-3 


1891, May 8 . , . 


+ OX)24 


+ ».5 


+ 6.6 


- 4.1 


1891, May 14 . . 


+ 0.031 


+ 3.= 


+ 8.0 


- 4.8 






Mean, — 4.2 
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a Tatiri, 



Date. 


Displacement 
of D Lines. 


Observed 
Motion. 


Earth's 
Motion. 


Motion of Star ! 

Referred to Sun. 

1 


1890, October 10 . . 
1890, October 16 . . 
1890, October 30 . . 


r 
+ 0.208 

+ 0.236 

4- 0.198 


Miles. 
+ 21.7 

+ 24.6 

+ 20.7 


Miles. 

— 13-9 

— 12.7 

— 9.3 


Miles. 
+ 35.6 

+ 37.3 
+ 30.0 


1 


Mean, + 34.3 




a 


Orionis, 






Date. 


Displacement 
of D Lines. 


Observed 
Motion. 

Miles. 
-6.5 
6.2 


Earth's 
Motion. 


Motion of Star 
Referred to Sun. 


1890, October 10 . . 

1890, October 16 . . 

1 


r 

— 0.062 

— 0.059 


Miles. 
16.5 

-15.7 

t 


Miles. 

+ 10.0 
+ 9.5 ' 


Mean, + 9.8 



VIII. 

OBSERVATIONS OF NEBULA. 

The Nebula of Orion. 

Although the observations of the nebula of Orion were among the last which 
were made, they will be considered first, partly on account of the great interest 
which attaches to everything relating to this nebula, and partly because it is, with 
one exception, the only nebula in the sky which was large and bright enough to 
allow of satisfactory comparisons of the third line with terrestrial hydrogen. As 
the origin of the chief nebular line is unknown, we have no terrestrial substance 
with which to make a direct comparison, and a measurement of the position of 
this line in the spectrum gives us no information as to the motion of the nebula 
in the line of sight. The normal position of the chief line, or position which it 
would have if determined by an observer at rest relatively to the nebula, cannot 
be fixed without a knowledge of the motion of the nebula. In my preliminary 
paper on the motions of the planetary nebulae, I was compelled to adopt the mean 
position of the principal line for the ten nebulae which I had at that time observed 
as the normal position from which to measure displacements. If the mean position 
of the line were taken for a large number of nebulae distributed with some uni- 
formity throughout the sky, it would probably differ very little from the normal 
position desired. Ten nebulae are, however, hardly sufficient for the purpose, 
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particularly wheu their distribution is not uniform. Fortunately, all difficulties 
are removed by the observations of the third line in the spectrum of the Orion 
nebula. As the third nebular line is undoubtedly due to hydrogen, its displace- 
ment, when compared with the same line produced by gas in a spectrum tube, 
gives at once the motion of the nebula in the line of sight and the correction 
which must be applied to the position of the chief line to obtain its normal 
position. 

In observations of the nebula of Orion for determining the positions of the 
spectral lines, the slit was always placed on the bright part of the nebula imme- 
diately preceding the trapezium,* one of the trapezium stars being usually kept 
within the slit at its extreme end. This was done in order to have all the obser- 
vations refer to one part of the nebula, in case relative motion of the different 
parts should subsequently be detected. The slit was shortened, so that the length 
of the bright lines of the nebula was about one-third the diameter of the field. 



a. Position of the Chief Line in the Sptctrum of the Nebula of Orion. 



Date. 


Order of 


Distance from 


ObBerved 


Correction for 


A 

Tenth-Meten. 


Spectrnin. 


Lead Une. 


Wave-Lcngtli. 


Earth'sMotion. 








Tenth 


Urlm. 


TcDth.MctEn. 


Tenlh-Mrlm. 


1890, Febraary 13 


4 


+ 


2.13 


5007.76 


— 0.39 


5007.37 1 


1890, February 13 


3 


-1- 


r.92 


5007-55 


— 0.39 


.16 


1890 


March 20 . . 


, 4 


+ 


2.08 


5007.71 


— 0-43 


.38 


1890 


October 10 . 


4 


+ 


1.3a 


5006.95 


+ 0.39 


■34 


1890, October 16 . 


4 


-f 


I-5I 


5007.14 


+ 0.36 


■50 


1890 


October 17 . 


4 


+ 


1-34 


5006.97 


-1-0.36 


■33 


1890, October 17 . 


3 


+ 


1-39 


5007.02 


+ 0.36 


-38 


1890 


October 23 . 


4 


-1 


1.49 


5007. 1 2 


+ 0.33 


■45 


1890 


October 23 . 


3 


4- 


1.48 


5007.11 


+ 0.33 


■44 


1890 


October 30 . 


4 


+ 


1-38 


5007.01 


+ 0.30 


■31 


1 1890 


October 30 , 


3 


-f- 


1-34 


5006.97 


+ 0.30 


■27 


1891 


January 23 . 


3 


-1- 


2.04 


5007.67 


— 0.30 


■37 


1891 


January 23 


4 


+ 


■■97 


5007.60 


— 0.30 


.30 


1 1891 


January 26 . 


4 


4- 


2.02 


5007.65 


— 0.31 


■34 


1 >89i 


January 28 . 


4 


+ 


2.09 


5007.72 


— 0.32 


.40 


1891 


Februar>- xi 


4 


+ 


2.08 


5007.71 


— 0-39 


■32 


1891 


April 3 . . . 


4 


+ 


2.04 


5007.67 


— 0.40 
Mean, 


.37 


5007-34 






1 










± 0.013 



•Holdbn's "Region A." Appendix I, Washington Obs. for 1878, 
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b. Motion of the Orion Nebula in the Line of Sight, from Comparisons of the Third 

Line with Terrestrial Hydrogen. 



Date. 



Order of 
Spectrum. 



Dbplacement 

of Nebular 

Line. 



Observed 

Motion of 

Nebula. 



£arth*s 
Motion. 



Motion 

of Nebula 

Referred to Sun. 







r 


MilM. 


Milm. 


Miles. 


1890, October 16 . 


3 


— 0.019 


2.7 


13-6 


+ 10.9 


1890, October 23 . 


3 


— 0.003 


— 0.4 


— 12.4 


+ 12.0 


1890, October 23 . 


3 


— 0.019 


2.7 


— 12.4 


+ 9.7 


1890, October 30 . . 


3 


— 0.050 


— 7.2 


— II. 2 


+ 40 


1891, January 23. . 


4 


+ 0.241 


+ 19.4 


+ II.O 


+ 8.4 


1891, January 23. . 


3 


+ O.I9I 


+ 25.8 


+ II.O 


+ 14.8 


1891, January 26. . 


1 

3 


+ 0.125 


+ 16.9 


+ 1 1.6 


+ 5-3 


1891, January 28. . 


3 


+ 0.233 


+ 33.5 


+ 12.0 


+ 21.5 


1891, February 12 . 


1 

4 


+ 0.307 


+ 26.9 


+ 14.5 


+ 12.4 


1891, February 12 . 


3 


+ 0.183 


+ 26.3 


+ 14.5 


+ 11.8 


1891, March 6 . . . 


4 


+ 0.284 


+ 24.9 


+ 16.2 


+ 8.7 


1891, March 18 . . 


4 


+ 0.338 


1 + 29.6 


+ 16.I 


+ 13-5 


1891, March 20 . . 


4 


+ 0.300 


+ 26.3 

1 
: 


+ 16.I 

Mean, 

1 


+ 10.2 




+ II.O ±0.8 



From these observations of the third line it appears that the nebula of Orion 
is receding from the Sun at the rate of ii.Ozt 0.8 miles per second. It may be 
that this motion of recession is wholly due to the drift of the solar system itself. 
The supposition seems plausible (though certainly no good reason could be given 
for it) that a nebula of such vast extent and extreme tenuity is more likely to be 
at rest relatively to the stars of our system than sinall, compact, nebular masses 
or individual stars. This view is at least not inconsistent with determinations of 
the direction and amount of the solar motion based on proper motions of the stars. 
The most recent investigations of Professor Boss* place the apex of the Sun's 
way in R. A. 280° and Dec. + 40°. Professor Boss also considers that the velocity 
of the solar motion may be as low as 15 miles, or as high as 30 miles, but that it 
is much more likely to be included between 20 and 28 miles per second. Calling 
the velocity 25 miles, the recession of the solar system from the nebula of Orion 
would be 15.5 miles per second. 

On the other hand, assuming the recession of the nebula which is given by 
these spectroscopic observations, and Boss' position of the apex of the Sun's way, 
and further that the Orion nebula has no motion relatively to the center of figure 
of our stellar system, the velocity of the Sun's proper motion would be 17.7 miles 
per second. 



* Astronomical Journal, No. 213. 
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c. Noi-mal Position of tfie Chief Nebular Line. 

On account of the recession of the Orion nebula from the Sun at the rate of 
ii.o miles per second, the third line in the spectrum of the nebula is displaced 
toward the red by 0.29 tenth-meter, and the chief Hue is displaced in the same 
direction by 0.29+ tenth-meter. Hence, the position of the chief line, if deter- 
mined by an observer at rest relatively to the nebula, would be A 5007.34 — 0.29 
= A 5CK)7.05, and this, therefore, is the normal position of the chief nebular line. 
By comparing the place of the chief line in the spectra of other nebulae with this 
position, the motions of such nebula can be deduced. 

The probable error of the normal position is, by the theory of least squares, 
± 0.03 tenth-meter. 

d. Relative Motion of Different Parts of tlte Orion Nebula. 

The results of these observations were purely negative. The method was to 
occult the chief Hue in the spectrum of the bright part preceding the trapezium 
with the coarse micrometer wire (0.35 tenth-meter), then move the telescope 
slowly, by its slow-motion screws, so as to bring other parts of the nebula upon 
the slit, and note if the bright line appeared from behind the wire. No such 
displacement was ever noticed. How small a displacement could be observed in 
this way is uncertain, as in the fainter parts of the nebula the line was very dim, 
and the method worthless, but it is evident that a diflFerence of motion of 13 
miles per second would have thrown the nebular line entirely clear of the wire, 
and in the brighter parts of the nebulse a third of this displacement could have 
been detected. 

e. Aspect of the Nebular Lines, and Other Observations. 

During the course of these measurements the nebular lines were frequently 
examined, with both the large and the smaller spectroscopes, with reference to the 
character of the lines, and particularly to the fluted aspect described by Professor 
LocKYER. The lines always appeared perfectly fine and sharp; the hydrogen lines 
from the spectrum tube were not finer and sharper. When the chief line was 
occulted by the micrometer wire, the least haziness on one side would have been 
quite noticeable, but nothing more than the ordinary symmetrical illumination 
due to difFraction was ever seen. The lines were also examined with the small 
spectroscope on the 12-inch equatorial, with the same result. With this spectro- 
scope on the 36-inch equatorial a slight fringe was once suspected on the more 
refrangible side of the chief line, but experiment showed that this appearance %vas 
due to the line being considerably out of the center of the field, as a fringe 
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appeared on the less refrangible side of the line when the line was displaced 
equally on the other side of the center, and all fringes disappeared when the line 
was central. 

The continuous spectrum of the nebula was easily visible (with a single 
prism), although it is not so bright as in many other nebulae. I have never been 
able to see the D3 line in the spectrum of the nebula of Orion. 

Inside the trapezium the lines appeared pretty nearly the same as elsewhere 
in the vicinity, and hence the darker background within the trapezium when the 
nebula is seen with an ordinary eye-piece would appear to be merely an eflFect of 
contrast. 

With the grating, the continuous spectrum of a trapezium star was apparently 
decidedly brighter where it was crossed by one of the nebular lines,* thus con- 
firming the photographic results of Dr. and Mrs. HuGGiNsf with regard to the 
physical connection between the nebula and the stars of the trapezium. The star 
^2 Orionis^X however, which is also involved in the nebula, has the hydrogen lines 
dark. The lines in the spectrum of the nebula surrounding Bond's No. 734 were 
much too faint for observation with the grating. 

/. Position of the Second Line. 

On March 18, 1891, the angular distance between the first and second lines 
in the fourth spectrum was measured, and at the same time the necessary obser- 
vations were made for determining the position of the grating, so that by the 
formulae for the grating the difference of wave-length of the two lines could be 
determined. The resulting value for A A was 48.13 tenth-meters, and hence the 
wave-length of the second line, corrected for orbital motion of the earth, is, by 
this observation, A 4959.21. 

One comparison of the second line with iron gave the following result: 



Date. I Observed A ^^g^^' ^^ A 



1891, April 2 . . . . +2.10 4959.73 —0.40 4959-33 



* See note at the end of this paper. The appearance described is no doubt illusory 
\Proc. Roy, Soc, vol. 46, p. 41. 
I Bond's No. 685. 
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Observations of Nebul-^. 



G. C. ii6. 

- o" 36" 



5 = + 40* 40' S 

The spectrum of the great nebula of Andromeda was examined with the small 
spectroscope attached to the 36-iiich equatorial, but nothing was seen except a 
faint continuous spectrum. On the same night it was removed and placed on 
the 12-inch refractor, thus making the effective aperture of the spectroscope 
0.67 instead of 0.53 inch, and gaining the advantage of a thin object-glass. The 
spectrum was then considerably brighter. It seemed to terminate rather abruptly 
at the lower end, but this impression may have been merely subjective, as the 
spectrum of any faint white light (the sky on a moonlight night, for instance) has 
to me the same appearance. By moving the spectrum until its lower end just 
touched the edge of the field, and then holding a light in front of the slit, it was 
estimated that the spectrum really extended some distance into the red, perhaps 
nearly to the H.i line. 

Mr. Barnard, who observed with me, suspected a brightening in the green 
above the chief maximum just below, "the suspicion almost amounting to cer- 
tainty." After Mr. Barnard had pointed it out I thought I could perceive this 
second maximum also. This observation was made with special reference to the 
carbon flutings which Mr. Lockyer and his assistants considered to be present in 
the spectrum of the Andromeda nebula. It seems to me, however, that admitting 
the reality of the brightenings observed by Mr. Barnard and myself, their ideu- 
tification with the flutings of carbon, or any spectral flutings or lines whatever, is 
subject to very great uncertainty. For a trustworthy comparison, the spectrum 
would evidently have to be seen to very much greater advantage than in the 
observations described above, although a consideration of the dimensions and 
optical constants of the spectroscope will show that it was an efficient instrument 
for the observation of bright lines. With a smaller dispersion than that of a 60° 
prism the spectrum would be brighter, but apparent coincidence of lines would 
then have little meaning. 



G. C. 826. 



This is a large, dim planetary nebula, with ill-defined edges aud a small 
nucleus. HuGGiNS, in 1864, noted that the spectrum was continuous; but this is 



I Vol. m-2il 
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evidently a mistake, as the usual lines were seen with the small spectroscope, and 
with the grating the chief line was bright enough for a rough measure. 



Date. 



M 



Observed A 



189 1, January 26 



+ 1.65 



5007.28 



Reduc. to 
Sun. 


A 


— 0.40 


5006.88 



G. C. ij66. 

R. A. = 6** 3~ 6 
<y = + 20° 30 



■\ 



This is a nebulous star of the 7.7 magnitude. It was examined only once, 
with the small spectroscope, on a bright moonlight night, when nothing could be 
seen of the nebulosity. With an ordinary eye-piece the star was yellowish. No 
lines were seen in its spectrum. 



G. C. 2/02. 
R. A. = 10** i9~ 29' 



S = 



18^ 



■\ 



This is one of the brightest and most beautiful of the large planetary nebulae. 
It is elliptical, 42".4X38".3 (according to measures by Mr. Burnham), the major 
axis being in position-angle 145°. The edge is brighter than the disc, forming a 
kind of rim. There is a very bright inner ring, which shows the bluish color of 
these nebulae very beautifully. Its inner outline is nearly circular, and the outer 
boundary is elliptical (23" x 17"), the major axis being parallel to that of the main 
nebula. Exactly in the center is a fairly bright nucleus. 

The following are measures of the position of the principal line in its 
spectrum : 



Date. 



M 



Observed A ' ^^"^- ^^ 

Sun. 



1891, March 18 . . . 


+ 1.64 


• • • • 


5007.27 


O.IO 


5007.17 


1891, March 20 . . . 


+ 1.55 


• • • • 


5007.18 


— O.I I 


5007.07 , 


1891, April 2 . . . 


+ 1.87 


.... 5007.50 


— 0.20 


5007.30 


1891, April 3 . . . 


+ 1.72 .... i 5007-35 

1 


— 0.21 


5007.14 


1891, April 29 . . . 


+ 1-79 


• • • • 


5007.42 


— 0.36 

Mean, 


5007.06 




5007.15 
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Date. I 


Observed A 


Reduc. to 
Sun. 


X 


1891, April 2 . . 


. + 1.64 


495927 


— 0.20 


4959-07 


1891, April 3 . . 


. , + 1.50 


4959-13 


— 0.21 


4958.92 


i8gi, April 29 . . 

1 


. + 1.93 

I 


495956 


-0.36 
Mean, 


4959.20 
4959.06 



Measures of tlie position of the second line, by comparison with the iron line, 
have been made as follows: 

|[ a. Attempt to Detect a Motion of Rotation of G. C. 2103. 

I On April 3d an attempt was made to determine whether this nebula had any 

sensible motion of rotation. The method was that already described in connection 
with observations of the relative motion of different parts of the Orion nebula. 
The results were purely negative. No change of position of the chief line could 
be detected on passing from one limb of the nebula to the opposite one, with the 
slit in different position-angles. The bright inner ring was also observed in the 
same way without result. It is doubtful whether a smaller difference of motion 
than 7 or 8 miles a second could have been detected, and it is perhaps improbable 
that a nebula should have so large a motion of rotation as this. 



V 



R. A. 



G. C. 2343. 

= + 55° 37' S 



A very large, dim planetary nebula, with ill-defined edges. In the center is a 
small nucleus of the 14th magnitude, and the central part of the nebula is com- 
paratively dark. The drawing by Lord RossE in Philosophical Transactions^ 1850, 
plate 37, does not at all represent the appearance of this nebula in the 36-inch 
equatorial. There is but one nucleus, which is by estimate (and also according 
to Mr. Burnham's measures) almost exactly central, at a place which in Lord 
Rosse's drawing is occupied by a bridge of light between two dark openings. 
There is also but one central dark space. 

The spectrum is of the usual gaseous type, but the chief line could not be 
seen with the large spectroscope. 



k. 
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G. C. jigj (?). 

R. A.= la^^sg^^o') 
<y= + 11° 46' s 

I am not sure that this is the nebnk, actually observed, as it is in the nebulous 
region in Virgo^ and the telescope was not set very carefully. However, a number 
of nebulae in the vicinity were examined with the small spectroscope, and they all 
gave a continuous spectrum, which was brighter and more extensive at the center 
of the nebula. The center, though bright and condensed, was not marked by a 
distinct nucleus. No bands or bright lines were seen. 



G. C. 4058. 

R. A. = 15** i"^ 28' > 
<y = + 56° II' ^ 

This spindle-shaped nebula is divided lengthwise by a narrow, perfectly dark, 
straight rift, on each side of which, near the n. p. end, and involved in the nebu- 
losity, is a minute star of about the i6th magnitude. The drawing by Lord 
RosSE in Philosophical Transactions ,^ 1850, plate 37, fig. 8, represents very well the 
appearance of this nebula in the 36-inch refractor. 

The continuous spectrum was examined, with special reference to flutings of 
carbon, with the small spectroscope on July 18, 1890, but it was excessively faint, 
and no details could be seen. The light seemed to end rather abruptly at the 
lower end of the spectrum, in the orange, as in the spectrum of the nebula of 
Andromeda. 

G. C.42j4{'Es). 

R. A. = i&^ 39~ 53' ) 
<5=+ 24° o' i 

This nebula was first examined on May 15, 1890. It is nearly round, and has 
a bright stellar nucleus giving a continuous spectrum, in which a bright line at Ds 
was suspected on one occasion. The nebular lines are fine and bright, although 
less sharply defined than in the nebula of Orion. Outside the nebula, but con- 
nected with it by a faint band of light, is a condensation of nebulosity, the spec- 
trum of which is like that of the main nebula. 

The following measures have been made: 
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i 



... 


L 


. 


Observed A 


Reduc. to 


A 


1890, June 13 . 
1890, June 27 . 
1890, June 27 - 
1890, July 2, ■ ■ 
1890, July 4 . . 

1890, July to . . 

1891, April 29 . 
1891, May S . . 
1891, May 14 . 


1 

-1- 1.02 

-!- 1.02 
J- 0.61 

. + 0.84 

i 1 


-0 


72 

77 
82 


5006.75 
5006.70 

5006,65 
5006.62 
5006.65 
5006.65 
5006.24 
5006,44 
5006.47 


— 0.1 1 

— 0.18 

— 0.18 

-0.24 

+ 0.14 

-i- 0.09 
+ 0.06 

Mean, 


5006.64 
5006.52 
5006.47 
5006.41 

5006.44 
5006.41 
5006.38 
5006.53 
5006.53 

5006.48 



G. C. SS51. 



17" 7" 



The following measures were made in the third spectrum. The brightest Hue 
was excessively faint in the large spectroscope, and the measures are rough: 



Date. I. 

1 


U 1 ObMTvedA 


Rednc to 
Son. 


X 


1890, August 15. . 1 + 1.00 1 .... 1 5006.63 

i 1 \ 


-0.44 


5006.19 



R. A. 



G- C. 4355- 

= 17" 55'" 43' 
= — 23° 2' 



The spectrum of this {jyi^d) nebula is continuous, but short, being apparently 
confined to the green and blue, and there is a brightening near the middle of it, the 
wave-length of which could not be estimated with the small spectroscope. The 
brightest star involved gave a spectrum without lines, although if there had 
been dark lines as strong as in the average star of Class I they could probably 
have been seen. 

G. C. 4361. 

R. A. = 17" 56" 56-; 
8 24° 23' S 

The lines were much too faint for observation with the large spectroscope. 
Examined with the smaller instrument on August 21, 1890, three bright lines 
were seen, which were probably the usual nebular lines, although the two lowest 
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seemed to be very close. No opportunity occurred for measuring the interval 
with a prism. The nebula is full of knots or condensations, having the same 
spectrum as its more diflFuse portions, and many bright stars are involved in it, in 
the spectra of which no lines could be detected. 



'\ 



G' <^- 4373- 

R. A. = i7»»58~35 
6 = + 66° 38' 

The appearance of this, in so many ways remarkable nebula, as seen with 
the 36-inch equatorial, has been described by Professors Holden and Schaeberle.* 
The chief line falls higher in the spectrum than in any of the other nebulse I 
have examined, being nearly in coincidence with the lead line. Measures of its 
position have been obtained, as follows : 



Date. 

1890, July 4 . . 
1890, July 10 . . 
1890, July 25 1 . 
1890, August 15 

1890, August 22 

1891, May 15 . . 



-f 0.29 
+ 0.29 
+ 0.55 
+ 0.35 
+ 0.33 
+ 0.27 



M 

1.55 
1.66 

13 

55 
55 



! Observed A 

I 

' 500592 

I 5005-87 
5006.26 

5005.95 

' 5005.94 

I 

I 5005.90 



Reduc. to 
Sun. 



0.00 
0.00 
0.00 
0.00 

O.CX) 

0.00 



Mean, 



5005.92 
5005.87 
5006.26 
5005.95 

5005.94 
5005.90 

5005.97 



The position of the second line with reference to the first line was determined 
on two nights by the method explained in Section IV, with the following results: 

1890, September 18, aA ^ 47.92 tenth-meters. 
1890, September 19, A'^= 48.05 tenth-meters. 

The mean value of the interval, which is evidently the same as in other nebulae, 
places the second line in the spectrum of this nebula at A 4957.98. 

The position of the second line was also determined with reference to the iron 
line by micrometer measures on two nights. 



Date. 



Observed A ^«|-to 



1 891, May 14 ... . -f 0.35 
1891, May 15 .... I + 0.34 



4957-98 
4957-97 



0.00 . 4957-98 



0.00 



4957-97 



Mean, 4957-98 



* Monthly Notices R. A, 5., vol. 48 (1888), p. 388. 

t Poor observations; a violent wind shaking the telescope. 
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These measures accord with the results for the first line, in showing a large 
displacement of the nebular lines from the normal position toward the violet. 

On July 19, 1890, the spectrum of the nucleus was examined with the small 
spectroscope, but nothing remarkable could be seen. Although there were 
indications of bright knots on the continuous spectrum below the chief line, they 
were not sufficiently distinct for a trustworthy estimate of their positions. The 
strongest brightening seemed to be about as far below the chief line as the third 
line is above it, or at about A 5200. A line is seen at or near this place in A'. G. C. 
yo3y, and a number of other nebulse. It is possible that this may be VoGEi.'S line 
at 518. The other lines described by VoGEL as Spuren von Lichtlinien^ at 527, 509, 
579, could not be seen. Nothing could be seen of D^. 



P 



A^. G. C. 6537- 

R. A. = i7\s8'"42'^? 
6 19° 51' i 

The brightest line was too faint for observation with the large spectroscope. 



G, C. 4jgo (£ 6). 



R. A. 



This is a very bright nebula, and in the summer of 1890 the telescope was 
usually directed to it, in order to verify the adjustment of the spectroscope before 
beginning work on other nebulas. Hence, the position of the chief Hue has been 
determined with much accuracy. The measures are as follows: 



Date. 


L 


M 


Obiierved A 


Reduc. to 


A 


i890,July 10 ... . 


+ I4t 


-0.40 


5007.06 


— o.ia 


5006.94 


1890, July 17 ... . 


+ 1-39 


— 0.51 


5006.99 


— 


17 


5006.S2 


1890, July 24 ... . 




— 0.29 


5007.18 


— 


32 


5006.96 


1890, July 25 ... . 




-0-33 


5007.14 


— 


22 


5006.92 


1890, July 25 . . . . 




— 0.29 


5007.18 


— 


31 


5006.97 


1890, July 31 .... 


+ 1.52 


-0.31 


5007.16 


— 


36 


5006.90 


1890, August I . . . 


.... 


— 0.33 


5007.14 


— 


37 


5006.87 


1890, August 7 . . . 




— 0.29 


5007.18 


— 


29 


5006.89 


1890, Augusts . . . 


.... 


— 0.22 


5007-25 


— 


30 


5006.95 


1891, April 29 . . . 


+ 0.90 




5006.55 


+ 


34 


5006.89 


1891, May 8 . . . . 


+ 0.96 




5006.59 


+ 


30 


5006.89 


1891, May 14 ... . 


+ 0.93 




5006.56 


+ 


26 


5006.82 


1891, May 22 ... . 


+ 0-95 




5006.58 


+ 


22 


5006.80 


M 


ean, 


5006.89 
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The first and second lines in the spectmm of this nebnla are very bright. 
When the first line in the fourth spectrum was made only twice the width of the 
coarse micrometer wire, the wire was distinctly visible upon the bright back- 
ground. The third line is also remarkably bright — much brighter by estimation 
than the same line in the spectrum of the nebula of Orion; but an attempt to 
compare it with the H/j line of hydrogen in the summer of 1890 was not very 
successful, as the extreme shortness of the line makes the observation more 
difficult than one might expect in consideration of its brightness. The measure- 
ments were rough, and the results discrepant. By simply using a wider slit and 
wider micrometer wire, very satisfactory comparisons were made on two nights in 
the spring of 189 1. It was considered at the time that they were quite equal in 
accuracy to those of the nebula of Orion. The observations are given below in 
full, on account of their importance in giving an independent determination of the 
normal position of the chief nebular line. 

G. C. 4jgo (2 6). May 21, 1891. 

Comparison of the third line with the H/j line of hydrogen. Grating, 4th 
spectrum. Coarsest wire, 0.7 tenth-meter. The nebular line is displaced toward 
the violet. 

Neb. Line. Hyfj Diff. 

i6'.663 i6'.820 — o'.i57 

.666 .842 .176 

.690 .831 .141 

.640 .841 .201 

.647 .848 .201 

.696 .859 .163 

.702 .848 .146 

.706 .850 .144 

.640 .836 .196 

.670 .837 .167 

— o'.i69 "=■ — 14-8 miles per second. 

Observed motion of nebula — 14.8 miles per second. 

Orbital motion of earth — 8.0 oiiles per second. 

Motion of nebula referred to Sun — 6.8 miles per second. 



G. C. 43go (2 6). May 22, 1891. 

Comparison of the third line with the H/j line of hydrogen. Grating, 4th 
spectrum. 

Circumstances of observation in all respects the same as those of May 21st. 
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b. Line. H 


II 


uiir. 


6'.173 16' 


3S5 


— o'.i83 


.1S3 


33s 


■>5S 


.140 


328 


.188 


■ "S 


356 


.23> 


x>i 


3S9 


'IH 


•>95 


355 


.160 


.160 


333 


■■73 


.226 


346 


.tao 


■175 


35 > 


..76 


■245 


336 


.091 



— o',i63 = — 14.3 miles per second. 

Observed motion of uebula ^- 14.3 miles per secoud. 

Orbital motion of earth — 8.0 miles per second. 

Motion of nebula referred to Sun — 6,3 miles per second. 

a. Normal Positiott of the Chief Nebular Line, from Observations of G. C. 43^0. 

These observations of G. C. 4jgo give an independent determination of the 
normal position of the chief nebular line. As the nebula is approaching the Sun 
at the rate of 6.55 miles per second, the chief line is displaced toward the violet 
by 0.18 tenth-meter. Hence the normal position of the chief line, by observations 
of G. C. 43go is \ 5006.89 + 0.18 = A 5007.07. The close agreement between this 
result and that derived from observations of the nebula of Orion is especially sat- 
isfactory, as one of the nebula; is approaching the Sun, the other receding from it, 
and they are situated in diametrically opposite quarters of the heavens. 

Viewed with an ordinary eye-piece, the nucleus of G. C. 4390 does not appear 
perfectly sharp, but seems to blend into the surrounding nebula. An examination 
of its spectrum with the small spectroscope confirmed this view as to the absence 
of any marked boundary between the nebula and its nucleus, the continuous 
spectrum of the latter shading off somewhat gradually iuto that of the nebula, 
and showing a great increase in brilliancy where it was crossed by the nebular 
lines. Besides the usual lines 5007, 4959, H^, and H;-, several others were seen in 
the spectrum of the nucleus. A line near D was quite bright, and a comparison 
with the sodium line from a spirit lamp showed that it was probably D^. H^ was 
seen with great difficulty at the extreme lower end of the spectrum. Other faint 
bright lines appeared at about 56S0, 5400, and 4450, the positions being mere eye- 
estimates, and dark bands were suspected at two or three places between the 
brightest line and D^. The principal lines were fine and sharp in the spectrum 
of the nebula, but fuzzy and considerably broadened in that of the nucleus. It 
would evidently be a matter of considerable interest to note whether the bright 
lines Ds, H(r, and other of the less conspicuous lines, appear only in the nucleus, 
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where the substances in which they have their origin are doubtless subjected to 
greater temperature and pressure, or whether the lines do not appear in the spec- 
trum of the more diflFuse parts of the nebula, simply on account of their faintness. 
It was very hard to determine this point. The lines were very short — mere knots 
on the spectrum of the nucleus — but they certainly seemed to fade outward from 
the nucleus much more rapidly than the ordinary nebular lines. 

The second line was compared with iron on three nights, the results being as 
follows : 



Date. 


I 
+ 0.96 


Observed X 
4958.59 


Reduc. to ; 
Sun. i 

+ 0.34 


A 


1891, April 29 . . . 


4958.93 


1891, May 8 . . . . 


+ 0.94 


4958.57 


+ 0.29 


4958.86 


1891, May 14 . . . 


+ I.OI 


4958.64 


+ 0.26 


4958.90 








Mean, 


4958.90 



On May 21, 1891, the interval between the first and second lines was measured 
in the fourth spectrum of the grating, and was found to be 47.89 tenth-meters. 



G. C. 4447' 

R. A. = 18" 49" 30 
<5 = + 32° 54 



•| 



The brightest line in the spectrum of the ring nebula in Lyra was too 
faint for measurement with the grating. With the small spectroscope the three 
usual nebular lines were seen, although the third line was quite faint. My first 
impression, on looking at the spectrum with this instrument, was, that the chief 
line was disproportionately bright as compared with the second, but a careful 
examination with the large spectroscope, using the grating, and a slit so wide that 
the lines appeared almost as monochromatic images of the nebula, convinced me 
that this impression was erroneous, and that the first and second lines had the 
usual ratio of brightness. With the grating the third line was not visible. 

The central star has always been easily visible whenever I have looked at 
this nebula with the 36-inch refractor, but it is too faint for observation with a 
spectroscope. A rough idea of the nature of its spectrum can, however, be 
obtained by the aid of the telescope alone. Owing to the chromatic aberration of 
the large telescope, the focus for rays having a wave-length of A 5000 is about a 
quarter of an inch outside the minimum focus, which is that of the brightest rays 
of the spectrum, in the greenish-yellow.* Hence, a planetary nebula and its 



* See the table in Section II. 
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stellar nucleus cannot be seen distinctly at the same time. The same difference 
of focus is required for the Lyra nebula and its nucleus as for other nebul:e, show- 
ing that the greater part of the light of the nucleus is in the lower part of the 
spectrum, and that therefore the central star does not differ materially in the 
character of its light from the nucleus of an ordinary planetary nebula. This fact 
is mentioned here because it has been inferred, from some supposed peculiarity in 
the photographic action of the central star, that the light of the star consists 
mainly of blue and violet rays. The peculiarity referred to may be due to bright 
lines in the upper part of the spectrum.* 

N. G. C. 67go (= DM. -f i".3979). 



R. 



A. = 19'' 17"' 20' \ 



This is one of the very small stellar planetary nebula discovered by 
Professor Pickering. It is rated in the DM. as 9.4 mag.; is round, bright, and 
has a very minute nucleus, the general appearance of the nebula being much like 
that of G. C. 43go on a smaller scale. The third line is, however, relatively quite 
faint, and in this respect the nebula resembles A^. G. C. 702^. Without a slit the 
spectrum of A^. G, C. 6jgo looks like a row of three small stars. 

In this nebula the brightest line falls lower in the spectrum than in any 
nebula I have yet examined, with perhaps the single exception of A^. G. C. 6Sg/, 
the observations of which are of doubtful accuracy. The line is less refrangible 
than the edge of the magnesium fluting, a fact which was seen at once in a direct 
comparison, and which is also shown by the following measures: 



Date. 


i L 

1 


M 


Observed A 


Redac. to 
Sun. 


A 


1890, July 31 . . . 
1890, August 1 . . 
1 890, August 8 . . 


. ' + 2.30 

■ + 2-45 

■ + 2.51 

1 


+ 0.46 
+ 0.44 


5007-93 
5008.00 
5008.14 


-o.,4 
-0.15 
— o.ao 

Mean, 


5<»7-79 
5007-85 
500794 


5007.86 



With the small spectroscope a bright point at the estimated position of D^ 
was seen occasionally, on the faint continuous spectrum of the nucleus, and 
between this and the chief line two faint brightenings were suspected, one of 
them at about A 5200. 

•See A. N. 3086 and A. N. 3111. (Note added May i, 1894.) 
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G. C. 4510. 



R. A. = 19" 37" 46' 



n 

<5 = - 14° 25'i 



The intrinsic brilliancy of this large planetary nebula is small, and the 
measures were difficult. Those of August 8 were made in the third spectrum, 
and as the slit was wider than usual, the comparisons with the lead line are much 
more reliable than those with the magnesium fluting. 



Date. 


L 


M 


j 

Observed A 


Reduc. to 
Sun. 


X 


1890, July 17 ... . 
1890, August 8 . . . 


+ 1-33 
+ 1-37 


— 0.91 

— 0.48 


1 
1 

5006.76 , 
5006.99 

1 


— 0.02 

— 0.19 

Mean, 


5006.74 
5006.80 

5006.77 




G. C. 4514. 








R. A. 

s 


= 19" 41 
-+50 


° 16' J 







The large, round, fairly bright disc of this nebula is apparently without 
structure. The nucleus is very bright, and was examined with the small spectro- 
scope in the expectation of finding a complicated bright-line spectrum. The 
spectrum was, however, continuous, and although bright points could be glimpsed 
in it, their positions could not be determined. In the large spectroscope the neb- 
ular lines were quite dim. 

The following measures have been obtained: 



Date. 



M 



1890, July 25 . . . 
1890, August 15 . 
1890, October 10 . 
1890, October 16 . 



+ 1-54 
+ 1.39 
+ 1.38 
+ 1.51 



— 0-55 

— 0.57 



• • • 



Observed A 

5007.04 
5006.96 
5007.01 
5007.14 



Reduc. to 
Sun. 



0.02 
0.00 
0.14 
0.16 



Mean, 



5007.02 
5006.96 
5006.87 
5006.98 




G' C. 4532. 



R. A. 



= 19^ 54"^ 51^ 
(5 =+ 22° 25 



•1 



The lines in the spectrum of the Dumb-bell nebula were too faint for observa- 
tion with a grating. No observations were made with the small spectroscope. 
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N. G. C. 68gi. 
R. A. = 20** 9"^ 57** \ 

<5=+ I2°24'> 

This is a small and rather faint nebula (described as "stellar, 9.5 mag.," in the 
-A^. G. C), with a very small nucleus. A star in the same parallel is just outside 
the nebula. 

The chief line was faint with the grating, and the slit had to be opened wide. 
Hence, the measurements are not very reliable, but the line was certainly very low 
in the spectrum. Measures were made on only two nights. 



Date. 


• 

+ 2.37 ! 
+ 2.66 \ 

1 
1 
1 


M 


Observed A 


Reduc. to 
Sun. 


A 

1 


1890, October 16 . . 
1890, October 17 . . 


. . • . 

• • • a 


5008.00 
5008.29 


— 0.41 

0.42 

Mean, 


1 

5007.59 
5007.87 

5007.73 



G. C. 45']2. 
R. A. = 20" "'" 



17- 29 
19° 45 



■\ 



<5== + 

This is a large, pale, planetary nebula with a small nucleus. On each side is 
a small star close to the edge of the nebula. The brightest line was just visible 
in the large spectroscope, and no measurements could be made. 



Gn C. ^628, 
R. A. = 20** 58 



5 = 



II 



11** ) 
48'$ 



This is a large, round nebula, with a bright inner ring, which is considerably 
elongated in an east-and-west direction, and a very small nucleus. Its appearance 
in the 36-inch telescope has been described by Professor Holden and Professor 
ScHAEBERLE.* The following measures were obtained with the large spectroscope. 
Those of July 31, 1890, were rather diflScult on account of the bright moonlight 
on the floor around the observer: 



Date. 



1890, July 31 . . 
1890, August 22 
1890, October 10 
1890, October 16 
1890, October 23 



+ 0.66 
+ 0.71 
+ 0.93 
+ i.oi 
+ 1.03 



M 



— 113 

— 0.88 



! Observed A 

I 

I 5006.31 
5006.44 
5006.56 
5006.64 
5006.66 



Reduc. to 
Sun. 



+ 0.04 

— 0.14 

— 0.45 

— 0.47 

— 0.48 



5006.35 
5006.30 
5006.11 
5006.17 
5006.18 



Mean, 5006.22 



* Monthly Notices R. A. 5., vol. 48 (1888). 
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N. G. C. joz6. 



R. A. = ai** 2" 



35' f 
24' i 



5= +4/ 

The shape of this nebula as seen with the 36-inch equatorial somewhat 
resembles two sheaves of grain laid side by side. In the middle of each sheaf is 
an ill-defined nucleus. 

The spectrum is of the usual type, but the lines were too faint for observation 
with the grating. 

N. G. C. 702^ (= DM. + 4i°.4oo4). 

R. A.= 2i'* 2~55'> 
5 = + 41° 48' \ 

This is the brightest nebula that I have examined, and its spectrum is exceed- 
ingly interesting. The nebula is irregular in outline, and contains two central 
condensations, one of which has an oval and fairly-well defined outline. The 
other is much fainter and more diffuse. On the following side is a small star, 
just at the border of the nebula. The spectrum was examined on August 21, 
1890, with the small spectroscope. The chief line is brilliant^ the second also very 
bright, but the hydrogen lines are relatively dim, and an attempt to compare the 
third line with H/j, with the large spectroscope, failed. On widening the slit, a 
monochromatic image of the central condensation could be seen in the brightest 
line, in much the same way that a prominence is seen in the Ha line of the solar 
spectrum. It was perfectly sharp and well defined on all sides, and one might 
easily suppose that it was the nebula itself seen with an ordinary eye-piece. This 
image became a mere knot or brightening on the chief Kne when the slit was 
narrowed. The continuous spectrum of the nebula showed but a comparatively 
slight brightening at the nucleus, which is evidently in a much less condensed 
state than the nuclei of 2 6 and many other nebulae of its kind, a fact of much 
interest considering the brilliancy of the nucleus. Several bright lines below 
the strong group in the green were visible in the spectrum of the central con- 
densation only, probably on account of their faintness. One of these, the lowest 
visible, was in the estimated position of D3; another, very well seen, was at 
about A 5400, and between this and the brightest line were several others, of 
which the only one that could be definitely fixed was at about A 5200. It should 
be remembered that these positions are from mere eye-estimates, using the intei<- 
vals between known lines as terms of comparison. This nebula also shows the 
line at about A 4700, which is visible in the spectrum of G. C. 4964. With the 
grating this line could not be seen. 
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With the large spectroscope measures of the position of the brightest line 
were obtained, as follows: 



I 



Date. 


L 


M 


Observed A 


Reduc. to 
Sun. 


. 


iSgo, August 15 . . 
1890, August 22 . . 
1890, October 9 . . 
1890, October 10 . . 


+ 1-57 

+ 1-55 
+ 1.80 
+ 1-76 


— 0-35 

— 0,20 

— 0.12 


5007.16 
5007.22 
5007-39 
5007-39 


+ 0.07 
+ 0.03 

— 0.18 

— 0.18 

Mean, 


5007-23 

5<J07'5 
5007.21 
S007.21 




5007.22 



A few measures of the position of the second line have been made. On 
September 3, 1890, the angular distauce between the first and second lines in the 
fourth spectrum of the grating was measured five times, the resulting difference 
of wave-length being 48.07 tenth-meters. 

Ten measures of the same interval on September 19, gave aA^ 47.8a. 
Taking as the result of both nights A-^ ■= 47.90, the position of the second line 
is A 4959.32. 

A comparison of the second line with iron was made on one niglit, witli the 
ibllowing results : 



01«erv=dA ^^^^ I 



1891, May 15 . 



-f 1.25 4958.88 +0.27 



^^n^bUowing r 

^^|K This nebula is annular, with a bright inner ring and a very small nucleus. 

^^'It is somewhat elongated north and south. 

The spectrum shows, in addition to the two brightest nebular lines and the 
hydrogen lines H/j and H^, a line at about A 4700, which was seen by Huggins in 
his first spectroscopic observations of nebula, in 1864. Examined with the small 
spectroscope on August 21, 1890, no other lines than the above were seen. The 
lines showed bright knots where the inner ring of the nebula was crossed by the 
slit. The spectrum of the nucleus was excessively faint, but there was a broad, 
faint, continuous spectrum, due to the nebula itself. 



G. C. 4^64. 

R. A.= 23*" 20"* 27' 
5=-f 41° 56' 
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The following are measures with the large spectroscope : 



Date. 






1890, August I 
1890, August 7 



+ 1. 19 
+ 0.80 



M 



— 0-95 

— 1.04 



' Observed A ! ^^^; ^^ 



5006.67 
5006.43 



+ 0.32 
+ 0.30 

Mean, 



5006.99 
5006.73 




IX. 

MOTIONS OF NEBUL-^ IN THE LINE OF SIGHT. 

The observations which are described in the preceding section show that 
the position of the chief nebular line, corrected for the eflfect of the earth's motion, 
is not the same in the spectra of diflferent nebulae. These diflferences of position, 
which are many times greater than the errors of observation, can only be due to 
motion of the nebulae toward or away from the Sun, as in all nebulae the line 
unquestionably has its origin in the same substance. Dr. HuGGiNS,* in 1874, 
sought to determine the motions of the nebulae by the same method, but his 
instrumental means were insufficient for the purpose. 

In the following table are given the motions of a number of different nebulae 
in the line of sight, deduced from the displacement of the chief line from its 
normal position, together with the probable errors of measurement. The probable 
error of the displacement and motion in the line of sight includes that of the 
normal position deduced from observations of the Orion nebula and G. C. 43go. 
In the case of a nebula which has been observed on only two or three nights, the 
probable error which has been assigned is that of the same number of measure- 
ments of a nebula equally bright, determined from a consideration of all the 
observations. Dividing the nebulae roughly into two classes, very bright and 
bright, we find, approximately: 

For very bright nebulae, probable error of one determination f of wave-length of 

chief line== ± 0.05 tenth-meter. 
For bright nebulae, probable error of one determination of wave-length of chief 

line = db o.io tenth- meter. 

Combining these values with the probable error of the normal position of the 
chief line, the probable error of a displacement is: 

* Proc, Roy, Soc.y vol. 22, p. 251. 

f Usually consisting of five measures. 
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Tenth-Meters. Miles. 
For ver>- bright nebulse, one measurement, * ^ ± 0.058 ^ ± 2.2, 
For very bright nebulae, two measurements, e ^ ± 0.046 =^ rt 1.7. 
For ver>- bright nebulre, four measurements, f = ± 0-O39 ^ ±l 1.5. 
For bright nebulas, one measurement, £ = ± 0.104= — 3'9- 

For bright nebulas, two measurements. f ^ ± 0.077 =^ ± 2.9. 

For bright nebulie, four measurements, £ =^ ± 0.058 ^^ ± 2.2. 

Iq some cases a larger probable error lias beeu assigned to a measurement 
than that given by the above table, but in no case a smaller one. 



Motions of NebcL/E in the Line of Sight. 



(A positive sign signifies recession 


a negative sign 


, approach.) 


Nebula. 


' 




Motion in Line of 
Sight. 




Tenib-Metert 


Ten 


b-Meten. 


Miles. 


OrioH 


5007.34 ±.013 


+ 


29 ± .02 


+ I I.O ± 0.8 


G. C. 8j6 .... 


5006.88 


— 


'7 


- 6.3 


G. C. 2102 .... 


5007. 15 ±.04 


+ 


10 ± .05 


+ 3-7:t>.8 


GC. 423,(2 5) 


5006.48 ±1 .02 ' 


— 


57 ± -03 


— 21.3+ 1.3 


G.C.585. 


5006.19 1 


— 


86 


— 32.0 


G.C.4373. . . . 


5005.97^-04 ■ 


— I 


08 ±.05 


— 40.2 ± 1.8 


G.C. 4390(2 6) 


5006.89 ± .01 


— 


16 ±L .03 


— 6.0 ± 1.2 


N. G. C. 6790 . . 


5007. 86 


+ 


81 


+ 30-1 


G.C.4510 .... 


5006.77 


— 


28 


— 10.4 d= 2.8 


G.C.4514. . . . 


5006.96 ± .02 


— 


09 ±.03 


- 33 ±1-5 


N. G. C. 6891 . . 


5007-73 


+ 


68 


4- 25 3 ^ 4.0 


G. C. 4628 .... 


5006.22 ± .04 


— 


83 ± -05 


— 30.9± 1.8 


N. G. C. 7027 . . 


5007.22 ± .01 


+ 


17 - 03 


+ 6.3 ii 1.2 


G.C. 4964. ■ ■ . 


5006.86 


— 


19 


- 7^-3.0 



There is a nearly constant difference of about ten miles between the motions 
given in the last column of this table and those published in my prelimiuary 
paper, due to the fact that the normal position of the chief line used in the pre- 
liminary' reductions was not the result of comparison of known lines, but the mean 
of the positions of the chief line in the spectra of all the nebulse then observed, as 
I have already explained. The differences of motion are almost exactly the same 
in both tables.* 

It will be seen that approaching motions preponderate, as we should expect 
from the fact that most of the nebulje are situated in that part of the heavens 
toward which the solar system is known to be moving, 

* With the exception of C. C 5851- In the table of motions in the preliminao' paper, the cor- 
rected wave-length of the chief line in the spectrum of this nebula was, by an error of transcription, 
given as 5005.50 (Angstkom). 

Vol.. iii-at 
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These observations show that the nebulae are moving in space with velocities 
comparable with those of the stars. As the physical association of stars and 
nebulae shows that their distances are also of the same order, we should expect 
(from this point of view alone) to readily find evidence of proper motion of nebulae. 
In fact, .however, such evidence is almost wanting, the only probably well authen- 
ticated instance of change being the Trifid nebula in Sagittarius.* The difficulty 
of the observation is probably a sufficient explanation. In large, diffuse nebulae 
there are no portions sufficiently definite for exact observations, and besides, 
stars involved in the nebula may be physically connected with it, and therefore 
useless as reference points. In the case of a planetary nebula we are sure that 
the star (or nucleus) in the center is in the nebula, and it gives us a sharply 
defined point for determining the position of the latter. Suitable reference points 
are also at hand. As a planetary nebula is small, stars can generally be found 
which, although so far from the nebula as to have almost certainly no physical 
connection with it, are yet within the field of a telescope at the same time with 
the nucleus, and therefore within the ^range of a micrometer. The nucleus and 
available comparison stars will usually be very small, and therefore a large 
telescope is required for the measurements. Micrometer observations of plane- 
tary nebulae have recently been made by Mr. Burnham with the 36-inch refractor, 
and the data which he has obtained will be of great future interest in connection 
with the subject of the proper motions of the nebulae. 



X. 

. NORMAL POSITION OF THE SECOND NEBULAR LINE. 

The comparisons of the second line in the spectra of a number of the nebulae 
with the spectrum of iron give as many independent determinations of the normal 
position of the second nebular line. The apparent position, as determined by 
observation, is first corrected for the orbital motion of the earth, and then, by 
means of the known motion of the nebula in the line of sight, reduced to the 
normal position unaffected by any motion whatever. In the following table are 
given the results for such nebulae as have been observed. They are all of nearly 
the same weight, as it happens that the fainter nebulae have been more frequently 
observed. The wave-length (A) corrected for orbital motion of the earth is affected 
by the probable error of measurement, which, for a single nebula, is about db 0.07 
tenth-meter, and the normal position (A^) is also affected by the probable error 
of the motion of the nebula in the line of sight (about db i-6 miles). Com- 

♦HoLDEN. Am. Jour, of Sc, vol. 14, p. 433. 
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bining the probable errors according to the method of least squares, the resulting 
probable error of the normal position of the second line is very nearly i o.oS 
tenth-meter for each nebula. The probable error of the mean of the results for 
the five nebulae in the table is therefore about i 0.04 tenth-meter, a somewhat 
larger value than that obtained by comparing the individual results with the 
means. 

Normal Position of the Second Neboiar Line, fkou Comparisons 
WITH THE Iron Line at X 4956.79. 



Nebula: 


A 


Motion of 
Nebula. 


Correction for 
Motion. 


Ao 


Orion 

G. C. 2102 

G. C 4373 

G. C. 4390 

N". G. C. 7027 . . . 


Teath-Melen. 

4959-33 

4959.06 
4957-98 
4958.90 
4959-15 


Mitca. 

+ ir.o 
+ 3-7 

— 40.2 

— 6.0 
+ 6.3 


TenUi-Meten. 

— 0.29 

— 0.10 
+ 1.07 

+ o.r6 

— 0.17 


Teolh-Metera. 
4959-04 
4958.96 
4959-05 
4959.06 
4958.98 




Mean, 


4959.02 ± 0.04 



Besides the micrometer measures given in the above table, the measurements 
of the interval between the first and second lines by means of the graduated 
circle give the position of the second line. The final result is obtained by simply 
subtracting the measured interval from the normal place of the chief line ou the 
wave-length scale. It should be observed that the interval between the first and 
second lines is theoreticallj' not precisely the same in all cases, as both lines are 
not displaced equally by a motion of the nebula in the line of sight, but the 
interval is changed by only o.oi tenth-meter by a velocity of 30 miles a second, 
and it is therefore practically constant. However, a correction has been applied 
in the only case in which it amounts to a unit in the last decimal place. 

The results of the second class of measures are exhibited in the following 
table: 

Normal Position of the Second NRBm.AR Line, from Measurements 
OF THE Interval between the First and Second Lines. 



Tenth-Meten. 



Orion .... 


4813 


4958-92 


G. C. 4373 . 


47.91 


4959.14 


G. C. 4373 . 


48.04 


4959.01 


G. C. 4390 . 


47-89 


4959.16 


N. G. C. 7027 


48.07 


4958.98 


N. G. C, 7027 
Means. . . 


47.82 


4959-23 


47.9S 


4959-07 
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This result is in excellent agreement with that given by the micrometer 

measures; but employing the wave-lengths of the reference lines which were 
used in the preliminary reductions, there was a discrepancy of several tenths of a 
tenth-meter, and it was principally this fact which led me to conclude that the 
assumed wave-lengths were erroneous. Notwithstanding the inferior accuracy of 
the second method, as compared with the micrometer measures, the systematic 
diflference of the results was so much greater than the error of observation 
that it was safe to ascribe it to errors in the assumed positions of the reference 
lines. The accurate values of the latter, supplied by Professor Rowland, reduce 
the discrepancy to only 0.05 tenth-meter. 

The result of the micrometer measures will be adopted as the normal position 
of the second nebular line, which is therefore \ = 4959.02 ± 0.04. 



XI. 
CHARACTER OF THE NEBULAR LINES. 

The aspect of the chief ilebular line in the spectrum of the Orion nebula has 
already been referred to. Both the first and the second line have been observed 
frequently in many nebulae, with dispersions ranging from that of a single 30° 
prism to that of the fourth spectrum of the Rowland grating. The 12-inch 
telescope was employed on some occasions, with the small spectroscope and a 
single 60^ prism. 

The result of my more extended observations of the Orion nebula is entirely 
in agreement with the statement in my preliminary paper: "With all these 
different degrees of dispersion, and also with the other spectroscopes employed, 
the nebular lines appeared to be perfectly monochromatic images of the slit, widen- 
ing when the slit was widened, and narrowing to excessively fine, sharp lines 
when it was closed up. The brightest line showed no tendency to assume the 
aspect of a * remnant of a fluting' under any circumstances of observation." 

In no nebula that I have examined are the spectral lines finer and sharper 
than in the nebula of Orion, In G, C. 4390 and G. C. 4234 they are sharp at the 
border of the nebula, but are somewhat broad and hazy at the nucleus, and this 
aspect of the lines is indeed the usual one in most of the planetary nebulae. The 
broadening is symmetrical, and all the nebular lines are apparently affected in the 
same way. The usual appearance of the lines in the spectrum of a planetary 
nebula is therefore evidently consistent with the view that the nebulae are 
condensing gaseous masses. 

The planetary nebula N. G. C. 7027^ which is in many respects one of the 
most interesting of its class, has a brilliant nucleus with some remarkable spectro- 
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scopic features. The chief line is the brightest I have seeu — much brighter than 
that of the Orion nebula — and the second liue is proportionally bright. These 
two lines seem to be absolutely monochromatic; they show no broadening 
at the nucleus, which gives but a faint continuous spectrum. We have here a 
case, therefore, in which great luminosity — and, presumably, temperature — are 
unaccompanied by evidence of increased pressure. 

Dr. HuGGiNS has suggested that the faint continuous spectrum of some 
nebulae might, with sufficient light, be found to consist of closely adjacent bright 
lines. While it may be true that such is really the nature of the continuous 
spectrum, I must say that with the means at my disposal I could find no contin- 
uous spectrum which showed evidences of resolvability. The lines, bright and 
faint, and the continuous spectrum, seemed to be distinctly separated luminous 
phenomena. 

The observations of the character of the nebular lines were made principally 
with reference to Mr. Lockyer's explanation of the origin of the chief line, and 
their bearing on this interesting subject will next be considered. 



xn. 

COMPARISONS OF THE CHIEF NEBULAR LINE WITH THE 
SPECTRUM OF MAGNESIUM. 

While the observations which are described in this paper were in progress, 
the hypothetical magnesium origin of the chief nebular line was the subject of 
much discussion, and I was therefore able to conduct my examination of nebular 
spectra with special reference to various points brought out during the discussion 
on both sides of the question. The conclusion reached, as the result of mj- 
investigations in this direction, was that there is no evidence in the visible 
spectrum of the presence of magnesium in the nebulre. The reasons for this 
conclusion are given below, and of course many of them are not new; but 
my own observations were made with powerful apparatus under exceptionally 
favorable conditions, and they may give independent and decisive answers to 
questions that have been asked before. 

Experience, as well as probability, shows that it is unsafe to base important 
conclusions on the apparent coincidence of single lines. It would be easy to 
mention instances of this kind, in which apparent coincidence has broken down 
when subjected to more careful examination with powerful instruments. The 
case of the chief nebular liue and the magnesium fluting is another example of 
accidental juxtaposition, for the observations which have been described show 
that the nebular line, in its normal position, is 0.42 tenth-meter more refrangible 



I 
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than the terminal line of the magnesium fluting. The interval between the lines, 
though small, is fourteen times greater than the probable error of observation, 
and it has been shown that the measurements are practically free from constant 
errors. 

We may now regard the question from the independent standpoint of the 
character of the lines. The chief nebular line is single and narrow; the mag- 
nesium fluting has seven or more sharp maxima separated by intervals slightly 
increasing toward the violet end of the spectrum. The lowest maximum is the 
brightest, and the others follow in the order of their distance, though their bright- 
ness does not, according to Professor Hale,* decrease uniformly, there being a 
sudden drop at the fourth maximum. 

Professor Lockyer considers that all the maxima, except the first, with part 
of its attendant fringe, are invisible in the spectra of the nebulae, on account of 
their faintness. A number of observations are on record, in which the chief 
nebular line is described as having a fringe, sometimes more perceptible on the 
side toward the violet end of the spectrum. Some observers have always seen 
the lines sharp and well defined. 

It is evident, therefore, that the aspect of the chief nebular line, as seen with 
an instrument of low dispersion, is a poor criterion of its character. A fringe on 
one side of a bright line might be produced by spherical aberration of the lenses, 
imperfect adjustment, displacement of the line from the center of the field, or 
other causes, and the delicacy of the observation throws too much upon the 
judgment of the observer. It is not my purpose, however, to explain the observa- 
tions of others. My own observations, made with accurately constructed and 
carefully adjusted apparatus, showed that with every degree of dispersive power 
the nebular lines were either perfectly sharp or (near the nucleus of a planetary 
nebula) symmetrically widened. 

Professor Lockyer considers that a low dispersion is more suitable for this 
branch of the inquiry than a high one. To me this seems doubtful. The fringe, 
in order to be seen at all with low dispersion, would have to be several tenth- 
meters wide, and in that case the other maxima of the fluting should be plainly 
visible. 

The visibility of the other maxima of the fluting is in fact a vastly more 
reliable criterion than the existence of a fringe on the more refrangible side of the 
first line. The magnesium fluting, in order to take on this latter aspect, must be 
reduced to the last degree of faintness, the exact intensity required being so 
critical that I have never succeeded in producing it experimentally. The first 
three maxima of the magnesium fluting are so nearly of the same brightness that 

* Sidereal Messefiger^ January, 1891. 
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it is next to impossible to obtain the first without the others.* The first nebular 
line in many cases has an intensity greatly exceeding this critical value. 

In this connection I would again call attention to the fact that the nebular 
spectra with the grating which I used were by no means extremely feeble; their 
brightness was often surprising to me. The second line iii the spectrum of the 
ring nebula in Lyra was always easily seen with the grating, in the fourth 
spectrum as well as the third, and yet this line has frequently escaped observers 
using prisms and low dispersion. 

As an example of many observations of the same kind, I will describe some 
comparisons of the spectrum of magnesium with that of the nebula N. G. C, yo2y, 
which were made after the usual micrometer measurements had been completed. 
The chief nebular line was brilliant and very sharp. The first three maxima of 
the magnesium fluting were in the field, and formed as strong a contrast with the 
nebular line as one could well imagine. Even when dimmed far below the bright- 
ness of the nebular line all three maxima were seen, and their fluted character 
was apparent. 

The magnesium spectrum was then thrown out of the field, and the slit was 
opened until the chief nebular line appeared as a monochromatic image of the 
nebula. An image one-tenth as bright could have been seen, and yet the places 
corresponding to the two other maxima of the magnesium fluting, which should, 
on the hypothesis of the magnesium origin of the nebular line, have been occupied 
by images almost as bright as the principal one, were perfectly blank. It would, 
I think, be difiicult to conceive of a more conclusive test than this. The experi- 
ment was repeated in the third spectrum, and with the low power eye-piece, with 
the same result. The nebular spectrum at the place of the 6 group was also 
examined, but no lines were visible. 

Other nebular spectra were examined at different times, in the same wa^' and 
with the same results. It does not seem necessary to give a detailed account of 
the observations. 



xin. 



THE ORIGIN OF THE NEBULAR LINES, AND THE CONSTITUTION 
OF THE NEBULA. 

It has been shown, from a consideration of the observations made at the Lick 
Observatory (and I have purposely confined myself to them for the proofs), that 
the chief nebular line is not due to magnesium. We must therefore look else- 
where for the origin of the line, and in this connection I regret to say that my 




See also Professor Hale's article in the Sidereal Messenger, January, 181 
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observations are, as was to be expected, entirely negative. There is no known 
terrestrial substance which has a strong line in the spectrum at the place of either 
the first or the second nebular line. For the first time the positions of the two 
brightest nebular lines have been determined with sufficient accuracy to enable 
us to say definitely whether they are or are not represented in the solar spectrum 
by absorption lines. Measuring oflF, on Professor Rowland's new photographic 
map, a distance of 1.39 tenth-meters toward the red, from the center of the double 
iron line, which, on Rowland's map, falls at A 4957.6, we find that there is no line 
within over ^ tenth-meter of the place so determined, and hence no line which 
can be identified with the second line in the spectra of the nebulae. In the same 
way we find by laying oflF a distance of 1.42 tenth-meters toward the red, from the 
place of the lead line at A 5005.63, that there is no solar line on the map that can 
be identified with the chief nebular line. This does not, of course, prove that 
the substances giving rise to the nebular lines do not exist in the Sun, but only 
that such substances, if they exist, do not manifest themselves in the solar 
spectrum. The positions of the nebular lines in the solar spectrum are shown in 
the plate at the end of this paper. 

In all the nebulae observed, the first and second lines had, as nearly as I could 
judge, a constant ratio of brightness, while that of either of them to the third 
line varied for diflferent nebulae. I am aware that a number of skilled observers 
have arrived at a diflferent conclusion, and a comparison of their results even 
indicates variability in the brightness of the lines; but it may be that these 
apparent changes are sufficiently accounted for by errors arising from the diffi- 
culty of the estimations. If the first and second nebular lines do have a constant 
ratio of brightness in all nebulae, there is some slight probability that they are 
due to the same substance, for although identity of origin does not exclude 
diflferences in the relative brightness of the lines, the variations of brightness 
would probably in this case be small. 

I have made no observations bearing on the chemical significance of the 
fainter nebular lines. 

A curious circumstance, for which I can find no adequate explanation, is the 
invisibility of the Ha line in the spectra of the nebulae. In only one nebula {G. C 
43go) has this line been seen, and then only with diflRculty, in the spectrum of the 
nucleus. The faintness of the light might easily account for this fact if the H;^ line 
were also invisible, but in laboratory experiments the Ha line of hydrogen is 
always, so far as I know, brighter than the third hydrogen line, or H;. . A simple 
experiment which I made during the course of my observations showed plainly 
the diflference between the spectrum of hydrogen in the nebulae and that of an 
ordinary hydrogen tube. A piece of white paper was placed obliquely in front of 
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the slit of a small direct-vision spectroscope, and the light from the electrically 
excited spectrum tube was allowed to fall upon it. At a distance of 12 or 15 feet 
the Hyi line only was visible. On approaching the tube, the H,> line was next seen, 
and finally the H^ line. With the most powerful discharge that I could use with 
the tube the order of brightness of the lines was the same. With more powerful 
apparatus it is possible the relation of brightness of these lines may be reversed; 
if so, the fact would point to an extremely high temperature or high degree of 
electrical excitement of the hydrogen in the nebulae. 

I may point out that in some of the variable stars we appear to have hydrogen 
in the same condition as in the nebulae. In the spectrum of R Andromedcs, near 
its maximum, I have seen H/j, and several lines of the hydrogen series above it, 
glowing brilliantly, while not a trace of Hn could be found. Miss Clerke has 
suggested that the Ha line may be blotted out by the absorption of some overlying 
metallic vapor, as the H^ line in « Ceti is blotted out by the absorption of calcium, 
but this explanation, while it may be regarded as a plausible one in the case 
of a star, appears to be untenable when applied to the nebulae. 

The hydrogen lines in the spectra of y Cassiopeue, ji Lyrs, Pleione^ and some 
others, all stars of Vogel's class I c, always seem to me, on the other hand, to 
follow the same order of brightness as the lines in the spectrum of a hydrogen 
tube. It is possible that the above-mentioned peculiarity in the spectrum of 
hydrogen, as found in the variable stars and the nebnlx, may some day considera- 
bly extend our knowledge of the physical conditions of these interesting bodies. 

On the whole, the spectrum of the nebulae is certainly indicative of a high 
temperature, however difficult it may be for us to furnish an explanation of the 
fact. The temperature may be high only in the restricted sense that comparatively 
few molecules have extraordinary velocities, and that the light of the nebulte is 
produced by violent encounters among them, while the average molecular velocity, 
and hence the mean temperature of the gaseous body, is low.* Such a condition 
of things is known to us only in the case of gases electrically excited. 

The presence of the D;, line seen in the spectra of a number of planetary 
nebulae is also apparently indicative of a high temperature. Professor LocKVER 
considers a high temperature of the nebulte so improbable that he attributes the 
presence of the Dj line to "an action in space, away from condensations, whereby 
matter is reduced to its finest forms."! He regards the D, line as representing a 
fine form of hydrogen, and suggests that "the degree of fineness which is brought 

•HuGGiNS, Address as President 0/ the British Association, p. 21. 

f The Meteorilic Hypothesis, p. 293. Professor Lockvhr subsequently modified his views, and 
now regards the Dj line as due to the comparatively small number of end-on collisions among the 
meteorites of the swarm. Phil. Trans,, vol. 184, p. 714. (Note added May i, 1894.) 
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about by temperature in the case of the Sun, is brought about in the spaces 
between meteorites by extreme tenuity."* 

While fully recognizing the difficulty of accounting for an exceedingly high 
temperature of the nebula;, I think we must admit that all spectroscopic evidence 
tends to establish its reality, at least in the restricted sense already mentioned. 
The suggestion of Professor Lockyer fails to explain the observed appearance 
of the Ds line in the spectrum of a nebula like G. C. 43go. The Dj line is barely 
visible in the diffuse part of the nebula, and is brighter and broader near the 
nucleus, as it should be on the supposition that it is there brought out \iy increased 
temperature, and as it should not be on Professor Lockver's hypothesis. 

I should state, however, that it is not absolutely certain that the yellow line 
in this and other planetary nebulse is actually D:,. The observations with the 
small spectroscope showed that it was very nearly in the position of the latter, but 
were not sufficiently precise to establish the identity be5'ond question. Dr. CoPE- 
LAND has shown that the Dj line is present iu the spectrum of the Orion nebula, 
and its existence in other nebulse is therefore rendered more probable. The 
certain identification of the yellow line in the spectrum of G. C. -fjgo would make 
the lower part of the spectrum of this nebula much like that of (i Lyrte, except 
that the presence of absorption lines is, in the case of the nebula, doubtful. On 
the other hand, it is possible that the yellow line may be the line at A 5810-4- of 
the WoLF-R.WET stars, and the estimated positions of other faint lines in the 
lower part of the spectrum agree fairly well with VoGEL'S positions of bright lines 
in the spectra of DM. + 35'^ 4001 and DM. + 35° 4013.! 

Professor Lockyer seems to consider the identity of D^ and the bright yellow 
line in ^ Lyrs, and other stars of its class, as still open to doubt, although 
measures by VoGEi. and other observers appear to be decisive. Probably a 
measure of my own with the compound prism is the most accurate determination 
of the place of the yellow Hue in li Lyree that has been made up to the present 
time, partly on account of the brilliancy of the spectrum with the 36-inch equatorial, 
and partly because the bright line was referred by micrometer measures to the 
dark D lines, which were visible in the same spectrum. The result showed con- 
clusively that the bright line was D;,. The question is perhaps irrelevant in 
connection with the subject of the nebulae, as, according to Pickering, the stars 
of class I c are quite distinct from the bright-line stars of the Woi-F-Rayet type, 
with which the planetary nebulse are probably closely related, % although both 
classes of bright-Hue stars are placed by Lockyer in a single sub-group. 

* Proc. Roy. Soc, vol. 43, p. 139. 

f Recent measurements by Professor Campbell show that fhere is no doubt that the bright 
line in the yellow is Dg, (Note added May 1, 1894.) 

I See, however, a paper by Professor Campbell, on The Wolf-Rayht Stars, Astronomy and 
Aslro-Physus, June, 1894, 
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In my preliminary paper I pointed out the great resemblance between the 
spectra of the nuclei of planetary nebulfe and the spectra of stars of the WoLF- 
Rayet class. At the time I had not noticed that Professor Pickering had called 
attention to the same fact in the then recently published fourth report of the 
Henry Draper Memorial. It is interesting to note that the similarity is apparent 
in both the visual and the photographic spectra. Professor Pickering has since 
classified both objects together as forming a fifth type of stellar spectrum.* 

During the summer of i88g, while studying the spectra of the bright line 
stars in Cygnus., I examined the stars of this type very carefully with the 36-inch 
equatorial. Mr. Burnham and Mr. Barnard also examined the stars for traces 
of surrounding nebulosity, but with only negative results. If these objects have 
really been developed from planetary nebulae, the nebulosity has either been com- 
pletely absorbed into the nucleus, or what remains is too faint to impress the eye 
when aided with the most powerful telescope.t 



XIV. 

SUMMARY OF RESULTS. 

The principal conclusions which have been reached as a result of these 
investigations are summarized below. Some of them are but a confirmation, by 
powerful apparatus and exact measurements, of results which had been rendered 
extremely probable by the labors of other observers. It is on account of the 
increased weight which is given to these results that they are included in the 
summary. 

1. The normal position of the chief nebular line, or position which the line 
would have in the spectrum of a nebula at rest relatively to the observer, is 
A 5007.05 i 0.03 on Rowland's scale. 

2. The normal position of the second nebular line on Rowland's scale is 
A 4959.02 ±0.04. This line is 1.39^0.04 tenth-raeters less refrangible than the 
center of the double line of iron at A 4957.63. 

3. The first aud second nebular lines are not represented by absorption lines 
in the solar spectrum, at least not by any lines sufficiently strong to appear in 
Rowland's photographic map. 

* Ast. Nack., 3025. 

t Mr. Roberts has recently attempted to find evidences of nebulosity by long-exposure photo- 
graphs, with the same negative results. It would seem as if this method should be inferior to eye 
observation, unless the nebulous atmosphere around the star is very extensive. 

Note added May i, iSg^. Professor Campbell has since shown {Astronomy and Astro- Physics, 
December, 1893) that the Wqli'-Ra\-et star DM. -f 30' 3639, which was not among the stars 
examined by Messrs. Buknham and Baknard, is surrounded by an extensive hydrogen atmosphere. 
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4. The relative brightness of these two lines is, within the limits of error of 
estimation, the same for all nebulae. Hence, there is some reason for thinking 
that they are due to the same unknown substance, perhaps an element of some- 
what the same nature as the so-called helium. 

5. The spectrum of the bright-line nebulae indicates either a high temperature 
of the gases emitting the light, or a state of strong electrical excitement, and 
shows that the temperature and pressure are greatly increased at the nucleus. 

6. The distance between the Great Nebula of Orion and the Sun is increasing 
at the rate of ii.odbo.S miles per second. This result shows that the nebula 
has little or no motion relatively to the center of figure of the stars from whose 
proper motions the drift of the solar system has been determined. 

7. No relative motion of diflferent parts of the Orion nebula could be detected; 
the limit of accuracy of the method, for the brighter parts of the nebula, being 
something like 4 or 5 miles per second. 

8. The nebulae are moving in space with velocities of the same order as those 
of the stars. A table, showing the measured velocities of particular nebulae in 
the line of sight, is g^ven elsewhere. Of the nebulae observed, that having the 
greatest motion of approach, 40.2 miles per second, is G. C. 4373: that having the 
greatest motion of recession, 30.1 miles per second, is N. G. C. 6ygo. Most of the 
nebulae have considerably smaller velocities than these. 

9. The only direct attempt to detect rotation of a planetary nebula gave the 
negative result that there was no differential motion of opposite limbs amounting 
to as much as 7 or 8 miles a second. 

10. The visible spectrum of the nucleus of a planetary nebula has in many 
cases a strong resemblance to that of stars of the Wolf-Rayet class, although 
the two principal nebular lines are absent from the latter; and still other differ- 
ences exist, the importance of which cannot at present be exactly estimated. 

« 

The observations which have been described in this paper were intended to 
form part of a more extended research, which was brought to an end (so far as my 
own part in it was concerned) by my removal from Mount Hamilton to Allegheny. 
I have to express my obligations to Professor Holden for every encouragement in 
the work, and for every facility in its prosecution which the equipment of the 
Observatory could furnish. I have also to thank Mr. W. W. Campbell, then of 
the University of Michigan, and now of the Lick Observatory, and Mr. A. O. 
Leuschner, of the University of California, for their efl&cient aid in the observa- 
tions during the summer of 1890. 

Note. — Since the above paper was written, less than four years ago, great advances have been 
made in the study of nebular spectra, chiefly by the application of photographic methods. The 
sections of my paper relating to instrumental errors might now be omitted, and the accuracy of the 
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adjcstmenta taken for granted; but it will be remembered that these observations were made before 
the s])ectroscope had really come to be regarded as an instrument of precision. Errors of several 
tenth-meters were common in visual obser\'ations, and the possibility of reaching a higher grade of 
accuracy was disputed; the jxisitions of lines in the spectra of the common metals were very defective; 
the tables of Rowland and of Kayskr and Runge had not appeared, and only preliminarj' accounts 
of the photographic observations at Potsdam had been published. Hence, I have preferred not to 
incorporate in my paper the results of recent investigations, but to let it stand as representative of 
the time at which it was written. Most of the recent work does not indeed come within its province, 
but has advanced along other lines; no greater accuracy has been reached in measurement of the 
lines in the visual spectrum, or in determining the motions of the nebulae in the line of sight. 
So far as I am aware, no attempts have been made to improve on these results. The greatest 
advance has been in the discovers' of new lines in nebular spectra by photography, and in tracing 
the spectral relations between nebulae and associated stars. It has been shown independently by 
Professor Campbell and myself that nearly every line in the spectrum of the Orion nebula, with the 
important exception of the two principal lines in the visual spectrum, is represented by a prominent 
aljsorption line in the spectra of the brighter stars in the same constellation. The D, line of the 
nebula is represented by an absorption line in the spectrum of Rigel. It has also been shown that 
the spectra of the stars in the Trapezium are characterized by strong absorption bands, and do not, as 
formerly supposed, contain bright lines which blend with the lines of the nebula. Hence, these 
stars have not the intimate physical connection with the nebula that was until lately a.scribed to 
them; they stand, in this connection, on the same footing as the other Orion stars, and within 
certain limits they may be placed anywhere on the line joining the nebula with the earth. 

The principal pajiers bearing on nebular spectra which have appeared since my paper was written, 
and which are therefore not referred to in the text, are as follows: 

Recent Observations of Nova Aiirigee. W. W. Campbkll. Astronomy and Astro-Physics, 

October, 1892. 

The Spectrum of Nova Auriga. W. W, Campbell. Publications Astronomical Society 

of the Pacific, November, 1892. 

Studies on the Photographic Spectrum of the Planetary Nebulae and of the New Star, 

EoGEN V. GoTHARD. AstronoMy and Astro-Pkysics,1xaxixr) , 1893. 

Conceniing the Nature of Nova Auriga's Spectrum. W. W. Campbell. Astronomy and 

Astro- Pity sics,Oc\QhitT, 1893. 

On the Photographic Spectra of Some of the Brighter Stars. J, N. Lockvkk. Phil. Trans., 

vol. 184, p. 675. 

Spectra of the Great Nebula of Orion and other well-known Nebulae. W. W. Campbell. 

Astronomy and Astro-Physics, May, 1894. 

On the Spectra of the Orion Nebula and the Orion Stars. James E. Kbeler. Astronomy 

and Astro-Physics, June, 1894. 

The Wolf-Ravkt Stars. W. W. Campbell. Astronomy and Astro-Physics, June, 1894. 



Allegheny Odse>'vaiory, ^une i, 1894. 
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WORKS ISSUED BY THE LICK OBSERVATORY. 



%* It is intended to issue, at irregular intervals, two series of works: the first, in quarto, to be known 
as l^iblications of the Lick Observatorj; the second, in octavo, to be known as Contributions from the 
Lick Observatory. Occasional pamphlets, such as No. 2 below, may not be included in either series. 
At the end of every book, a list of all the works issued will be given, for the convenience of librarians 
and others. 

For the sake of uniformity, Nos. 3 and 4 below will be counted as Contributions Nos. r and 2. 

1 . Publications of the Lick Obsi;r\-atory of the University of Califoniia, prepared under the direction 

of the Lick Trustees by Kuwakd S. Holden, Volume I, 1S87. Sacramento. 1887. 410. [Con- 
taining a brief historj- of the Observatory, with descriptions of the buildings and instruments; 
observations of double stars by S. W, BuRNHAM, 1879; of the transit of Mercury, 1881, by 
Messrs. Floyd, Holden, and Buknham ; of the transit of Venus, 1882, by D. P. Todd; meteor- 
ological observations, by T. E. Fkasek, 1880-85; and Reduction Tables for Mount Hamilton, by 
G. C. COMSTQCK.] 

2. Suggestions for Observing the Total Eclipse of the Sun on January i, 1889, by Edward S. Holden. 

Printed by authority of the Regents of the University of California. Sacramento, 1888. 8vo. 
[Otit of print.] 

3. Contributions from the Lick Observatory, No, i. Reports on the Observations of the Total Eclipse 

of the Sun of January i, 1889, published by the Lick Observatory. Printed by authority of the 
Regents of the University of California. Sacramento. 1889. 8vo. [Out of print-] 

4. Contributions from the Lick Observatorj', No. 2. Reports on the Observations of the Total Eclipse 

of the Sun, December 2 1-22, 1889, and of the Total Eclipse of the Moon, July 22, 1 888, to which 
is added a Catalogue of the Librarj', published by the Lick Observatory. Printed by authority 
of the Regents of the University of California. Sacramento, 1891. 8vo. [Out of print.] 

5. Contributions from the Lick Obser\'atory, No, 3. Terrestrial Atmospheric Absorption of the 

Photographic Rays of Light, by J. M. Sciiakbhrlk, Astronomer in the Lick Obser\'atory. 
Printed by authority of the Regents of the University of California. Sacramento, 1893. 8vo. 

6. Publications of the Lick Observatory of the University of California. Printed by authority of 

the Regents of the University. Volume II, 1894. Sacramento, 1894. 4to. [Containing double 
star observations made with the 36-inch and 12-iuch refractors of the Lick Observator>" frotn 
August, 1888, to June, 1892, by S. W. Buknham.] 

7. Publicalions of the Lick Obser^-atory of the University of Cahfoniia. Printed by authority of 

the Regents of the University. Volume lU, 1894. Sacramento, 1894. 4to. [Containing draw- 
ings and photographs of the Moon by Prof. Ladislas W'einek, reproduced in heliogravure, etc., 
from negatives made at the Lick Observatorj, with an introduction by Edwakd S. HoldBn; 
investigation of prisms of optical glass, by Prof C. S. Hastings; investigation of the glass 
scale of the Lick Observator>' Measuring Engine, by Mr. O. H. Tittman; spectroscopic 
observations of nebulse, by Prof. J, E. Keelhr. 
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